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FLOOD LOSSES AND BENEFITS -
1, DAMAGE SURVEYS

A detailed damape survey was made in the main flocd area of the

Androscogpin River following the record flood of March 1936. Later
' - bl €4 N . 'y .

swrveys ware conducted din 1‘,75.’.’,04-»4—-,1:{-1& to obtain wmora detailad lood
damages i nfomation in the elvooe bhasbin and be daterning teonds ot
davelopment, it tho watorahod.  The sueveys comrlatod of door-to-door
interviews, and inspections of the various residential, commercial,
raral, and industrial properties in the flooded areas. Information
obtained included the extent of areas flooded, description of property,
the nature and amownt of damages, deoths of flooding, high water
references, and relationships between the March 1936 flood and other
flood stages. B I : :

Damage estimates and depths of flooding were generally furnished
by property owners and tenants, but investigators prepared alternative
estimates when in their judgment, based on property examination,
estimates of owners or tenants were unrealistic or unreliable. The
investigation also made esfimates when information was not available
from owners or tenants. Where several properties of similar itype were
subject to the same depth of flooding, sampling methods werse used. The
roview furveys were concerned prineipally with chanpges in ase of
previons iy mrveyoad propeelieas, changon Do baatnoas activition in tha
Tavpec indwsbreinl vlants covared (v the orteloal sueveys and proparlion
new in bhe flood area since the original surveys.

Sufficient data were obtained to derive loss estimates for (1)
the March 1936 flood stage, (2) a stage 3 feet higher, and (3) inter-
mediate stages where marked increases in damage oceurred. The stage
at which damage begins, referenced to the March 1936 flood stage, was
also determined.

2, LOSS CLASSIFICATION

Flood losa information was recorded by type of loss and location.
The types recorded include urban {residential, commercial and public),
industrial, highway, rural and utilities,
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Primary losses were evaluated, including (1) physical losses,
such as damage to structures, machinery, equipment and stock and cost
of cleanup and repalrs, and (2) non-physical losses such as unrecoverable
losses of business and wages, increased cost of operation, and the cost
of temporary facilities.

Physical losses and a large part of the related non-physical losses
wore determined by direct insvection of flooded propartias and evaluation
of the lossan by ol thoer tha proporty ownars or Meld invenlipatora or
both.  Tho non-phyaical portions of the primary lodgos wars ol ton diffienlt
to estimate on the bhasis of available information. When this difficulty
existed, the non-physicnl losses were estimated by utilizing determined
relationships hetween nhysical and non-physical losses for similar
nproperties in the survey and other areas.

No evaluation was made of intangible losses including items such as
possible loss of life, hazards to health, and detrimental effects on
national security.

3.  EXPERTENCED LOSSES

Following the disastrous flood of 1936, a survey of damages was
made by field investigators of the Corps of Engineers. The survey dis-
closed that this flood caused total experienced damapes amounting to
$1,392,000, of which 96% was in Maine and four parcent in New Hampshire.
About 10 poaraent, of the exporienced Loss wan o 4 ndnatrind proporhlos,
Papor, milp, and texbile mllla ot Drnawlck, Topsham, Liabon falls,
Lewiston, Livermore Falls, Pern, and Rvmford, Maine, and at Berlin,

New Hampshire, which are maior elements in the econcmy of the basin,
were seriously affected. Urban losses of about $850,000 ware
experienced, with the major part of this loss being concentrated in
the residential and commercial sections of Lewiston, Auburn, and
Mexico; Maine. Highways in the basin sustained damages in excess of
$700,000 and railroad damages amounted to $1i50,000, These damapes
inc¢luded the loss of bridges which in some cases, have been rebuilt
at higher elevations. Public utility properties, principally hydroelectric
installations of the Central Maine Power Company, suffered ddﬁages
amounting to $190,000 with attendant plant shutdown for up to seven
weeks. Agricultural losses of $285,000 were experienced, with farms
in Lisbon, Canton, Dixfield, Hanover and Bethel, Maine sustaining the
major portion of this loss,
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Tho Flood of March 1953, the third highest at Rumford since 10692,
~— caused losges totalling $2,230,000 in the entire river basine IMlood
damapes were experienced throughout the entire length of the main river
from Berlin, New Hampshire to Brunswick, Maine, and along three of the
nrincipal tributaries, the Dead River in New Hampshire and the Swift
and Little Androscorgin Rivers in Maine. Flood waters imndated a
ereat, many roads causing highway damages in excess of $150,000 and
preventing motor transportation throughout a major portion of the
basin for the greatest part of four days. . Damages were sustained by
industrial pronerties along the main river of Rumford, Peru, Livermore
Falls, Lewiston, Auburn, Lisbon, Topsham, and Brunswick, Maine, and
on the Little Androscoggin River at Mechanic Falls. The dam of the
Pejevscot Paper Company at Lishon Falls, Maine was breached. Replace-
ment costs were estimated at $100,000. The Dead River overflowed
streets in the business section of Berlin, New Hampshire, cauging
damares to a number of stores. The Swift River overfiowed the main
gtreat, of Mexico, Maine necessitating the evacuation of some 100

‘ Prmi Lo and eloging of bhe main commercial aection of tha town.
HSeveral rallroad washouts occurred along the Androscoppin River in
the Canton-Peru area, below Rumford; large areas of apricultural lands
were flooded hetween Gilberiville and Bethel, Maine, and stream banks
were eroded at oumorons locationg throushout. the basin.
e RECURRING LOSSES

—

Stagendamage and stage~discharge relationships were developed
to reflect the magnitude of recurring losses at varying stages of
flooding above and bhelow the reference floods in the studied areas.
The recurring leosses used in development of the gstape-damape relation-
ships reflect economic and physical conditions in the arecas at the
present time.

The recurring loss from a 1936 flood on the main stem of the ;
Androscopgin River from the Sawmill Dam in Berlin to below Brunswick
in esbimated at BiAshb000. Recurring losses by tvpe are listed in
Table D-l. #13,703,0%0 -

Twenty industrial firms employing over 9,000 persons are located '
along the river and would sustain snbstantial damage in the event of a
recurrence of the 1936 Flood. The industrial activities of these plants
produce a diversified line of produets including textiles at Lewiston, _
boots and shoes at Auburn, pulp and paper at Rumford and pulp, paper, ‘“
and allied products in Berlin.
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A summary of total recurring damages listed by damage centers is ‘
shown in Table D-2.
TABLE D-1
RECURRING LOSSES BY TYPE
M
1936 FLOOD
(3985 Prica TLevol)
= (14
Typa ' Rocnrring Lona
Industrial $—E50525660 ﬁ Q, ¥6 3, 000
Urban : rPsihe5000 ﬂ Zl 65{6) 000
(Commercial, Residential & Public) - _
Highwa ' Q0
ghway ~996,000 4 |,096, 900
Railroad | 3365000, 370, 000
Utilities 5655000, L), 0006
Rural (includes agricultural) 615000 61 0o
713 703 000
TAREE 02 ’ ‘

REGURRAING LOSSES I[N DAMAGE AREAS

1936 FLOOD
(3584 Price Level)
1966
Area_ . Recurring Loss
Brunswick - Topsham $oTo5 000 ﬁ 3, 25{6/ 000_.
Lewiston - Auburm 255305060 ‘2} 764400
Livermore TFalls 53337008 / ¢¢4 000
7 /
Rumford - Mexic o -
mfor exico 685608 9[_/5’8/5/ 000
Shollmma, N, 2954960 24/, 000
Gorham - Berlin, M.H. 158965600 /,’%5’26/ oe0

Doy 43557, 006



5.  ANNUAL LOSSES

Estimated recurring losses along the river were converted to -
average annual losses by correlating stage-damage, stage-discharge
and di scharge-frequency data to derive damage-frequency relationships
in accordance with standard Corps of Engineers practices. Plates

. D-1, D-2 and D-3 show the procedure used in converting recurring

stage-damage data to annual losses and benefits. Average annual -
lcsses by major damage centers are listed in Table D-3. '

TARLE D-13

A e s

PRESENT AVERAGE ANNUAL LOSSES

(¥96k Price Level)

Brunswiclk - Topsham, Mea. fike $ 160,800 .ﬂ [ GO, Koo I
Lewiston - Auburn, Me, | | - o - Bigteo~ ' qé’/ 400
Livermore Falls, Me. - - 935660 )02, q00
Rumford ~ Mexico, Me. : o | 188,000 Z()é/ $OO
Shelburne, N.H. _1;)40_0 3, 100
Giornam -~ Borlin, N.1. o | *‘i—‘\‘{“"f‘ﬁO léﬁr 4‘09—-

= 3
PN Ay

B TO7L,000 OO
» ‘;3}/ 19
6.  FUTURE ANNUAL LOSSES ' '

Flood losses in the Maine portion of the basin can be expected
to increase at least as fast as the overall economic growth rate for
the area. #&s discussed in Appendix €, Economic Development, the
overall economy in the basin is 'expected to grow at a rate of 0.75
percent annually for the next 50 years and then remain stable for
the following 50-year period. The total growth of 37.5 percent in
50 years was converted to an average annual equivalent value over
the 100-year project life by compound interest methods using an
interest rate of 3-1/8 pepeent. The annual equivalent value so
derived amounts to 18.6 bercent. Average annual losses adjusted
for the expected growth amount to $7565080 at 196k price levels,

(966
330 000
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- Ta  BENEFITS

a. Tangible Flood Damage Prevention Benefits.

Construction of the Pontook project will reduce flood flows along
the entire length of the Androscoggin River from Berlin to tidewater
and provide substantial protection to presently flood prone properties.
In a recurrence of the record flood of 1936, under today's conditions,
the reservoir would prevent $3rTmillionsin losses.

$3.9 |

Prosent, averapge nmmmal flood damage provention banefila have beon
dorived as the difference in ammal losses along the rlver under present
conditions and those that would remain after reduction in flood flows
by the reservoir. Average annual benefits so derived for the Pontook

nroject are
no?o

b, TPFuture Beneflts.

When the growth in the Maine portion of the basin over the next
50 years is consider ,ihe benefits at the end of the 50-year period
will have grown to ﬁ%géééeo, Taken as an average annual equivalent
value over a l0O-year project life, the benefits tc growth amount to
j}iﬁ;@@e. Total benefits over the life of the project, adjusted for
gg%ﬁ%gfjare therefore $2CIDOT,
— #224,000

Co Redevalopment Benefits.

Pontook Dam 1 Lo hie \””'lm|“fgh e a portton of New Hampahlee
Coos County, whlch hag 1)0011‘!533«1’&“1 Hedevelopment, Arvea by tho fees ELONOMI Q

Epﬁ%velopment Administration under Seetsorr-@mG—ad P. L. =2 The
conztrnction will put to work residents of the area who are unemployed
or under-employed and the wages thereto are considered a benefit under
current policy. Division records for Clvil Works construction over the
past 9 years indlcate that for the type of construction involved the
labor costs average 27% of total contract cost. Based on the present
ﬁ estimated construction cost of Pontock, the total labor cost would be
10 ﬂoooooﬁezﬁﬂeiées After discounting for the number of people who will be
hired locally (70%) and for the number so hired who i gécpnemployed
or under~employed (75%), a total labor benefit of $§§%§é}@@6’is
ereditable to the project. As this is to be dispersed over a six-year
period, the exnenditures&fev%years-?"thrnugh~éEare discounted by present
worth factors:?t 3—%?87 interest rate. The discounted value of the
benefit is 1 . Amortized over the 100-year project life, ths

ammal hemafit anounts to §SFERI0 e romsdert—ter-firlea00
167,000
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ds Intangible Benefits.

In addition to tangible benefits resulting from project construction,
important intangible benefits will be reslized. Among these are prevention
of possible loss of life, prevention of disease caused by flooding of
polluted water, and the stabilizing effect on community life in the valley
by thoe reduction in the flood threat.
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APPENDIX A

DIGEST OF PUBLIC HEARINGS

Public hearings were held in Berlin, New Hampshire and Lewiston,
Maine on 13 and 1 December 1960, respectively, to ascertain the needs
and desires of local interests for flood control and allied purposes
in the Androscoggin River basin. Approximately 50 people attended each
hearing, ineluding representatives of Pederal, State, city, and toun
governments, ‘industrial establishments, civic organizations, and
interested individuals. 4 digest of the public hearings and letters
relevant thereto is included in this Appendix. Brigadier General
Seymour A, Potter, Jr., Division Engineer, was Hearing Officer at each
hearing. '



Speaker

DIGEST OF PUBLIC HEARING - 13 DECEMBRR 196k

BERLIN, NEW HAMPSHIRE

Interest Represented

Improvement Desired, Reasons Advanced, or other Remarks

Mr. Lavier Lamantagne,
Mayor

Mr, Arthur J. Bergeron,
Attorney

Mr. John 3. Busby,
Asst. Division Engineer

-
1
(]

Mr. Edward C. VonWild,
Shelburne, N.H.

City of Berlin, N.H.
Board of Selectmen

Town of Gorham, N.H.

Canadian National
Railways
(Crand Trunk)

Interested Tndividual

Briefly described the damage to property in the city from
floodwaters on the Dead River.

Read Brief from Town of Gorham, N.H. Suggested a flood
control dam on Peabody River, and diversion of floodwaters
on Moose Riwver to Moose Brook and into a new channel to the
Androscoggin River. Submitted summary of flood induced
expenses to State and Towm for past decade.

The railroad experiences damage from floodwaters on the
Peahody, Moose, and Androscoggin Rivers., All costs and
repalr of tracks and road-bed are made by the railroad.
Dredging the channel of the Androscoggin River, adjacent
to the Grand Trunk line, would lessen the flcod problem
in that area.

Reported that debris from c¢ity dumps and sawmills, and
pulp plug the intake bays of the Shelburne powerhouse.
Believed a river patrol should be established to prevent
the disposal of debris in the river. If debris is removed
from dam so that new gates c¢an be installed and future
flushing is possible, odors that occur during warm days

in the summer would be eliminated. About 300 feet of the
Grand Trunk Railroad tracks in Shelburne are often flooded.
Also submitied paper containing suggestions for improvements
of the Androsgoggin River channel between Berlin, N.H. and
the N.H.-Maine boundary line.
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Speaker Interest Represented Improvement Desired, Reasons Advanced, or other Remarks

Mr, Tony G. Eastman, Interested Individual Requests restoration of the deteriorating Pontook Dam,

Berlin, N.H. The dam, constructed of wood and located about 15 miles
upstream of Berlin, created an excellent fishing and
wildlife area.

Mr. Alleﬁ I. Lewis, N.H. Dept. of Fish The Department welcomed the opportunity to work with

Engineer and Game the Corps of Engineers to assure that conservation
elements will be econsidered in the projects as in the
past.

LETTERS AND STATEMENTS RECEIVED AT HEARING

BERLIN, NEW HAMPSHIRE
Writer

Mr. Douglas Horton Selectman, Town of Letter, dated 13 December 1960, suggested a flood control

' Randolph, N.H, dam with water storage for recreational facilities on the
Moose River within the geographical boundaries of the town.

Mr. Gerald S, Wheeler, 7.S. Dept. of Statement, undated, indicated a desire to appraise impact
Forest Supervisor Agriculture, Forest of improvements for flocod contrel and allied purposes on the

Service, White Mountaln multiple-use program for managing and protecting the
National Forest resources of the National Forests, 1In doing this, other

agencies will be consulted to determine their desires
for the development. Findings will be sulmitted to the
Corps of Engineers for consideration.
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Writer

Interest Represented

Improvement Desired, Reasons Advanced, or other Remarks

Mr. Frederick M. Auer,
Enginesr

e

Speaker

Mr. Roscoe L. Clifford,
Planner

Mr. Emile Jacques,
Mayor

N.H. Dept. of Public
Works and Highways

Statement, dated 13 December 1960, and made Exhibit E,
described flood and high water damage to hipghway facilities
in N.H. portion of the Androscoggin River basin since flood
of 1927.

DIGRST OF PUBLIC HEARING - 1) DECEMBTR 1960

LEWISTON, MAINE

City of Auburn, Maine

City of Lewlston, Maine

Submitted officisal document "City of Auburn Zoning
Ordinance" effective September 1L, 1960. Requested it be
reviewed for accuracy and for comments.

Read statement, undated, ¢alling for action, based on past
experience and studies, to rid the Androscoggin River of
pollution and make it fit for many uses for both industry
and the public welfara. Present operations ordered by the
courts have not increased the water quality and there is a
lack of suitable water for industry. Have had proportionately
too many studies and not enough action. River should be
made useful for business, industry, and recreational
purposes. Later in the hearing, the Mayor noted that roads
in Auburn and Lewiston were Inundated by floodwater about
every 2 or 3 years.



Speaker

Interest Represented

Improvement Desired, Reasons Advanced, or Other Remarks

Hon. Peter A. Garland,
Congressman-Elect

Mr., Edward H. Brooks,
Sr., Auburn, Me.

Mr. John W. Jordon
Vice-President and
General Counsel

o
L Dr. Walter 0, Lawrence

Mr., P. Murphy,
Lewiston, Me.

First Congressional
District, Maine

Interested Individual

Brown Company
Berlin, N.H.

Administrator of Indus-

trial Pollution of the
Androscoggin River

Interested Individual

Present as an observer.

Hopes the rivers in Maine will be cleared of pollution.
Sometime floods will do this. Describes his process of
eliminating the pollution condition. '

In rebuttal to Mayor Jacques' statement, this speaker
asked that the records of the hearing show a great deal

has been accomplished by industries to reduce the pollution
in the Androscoggin River. The Brown Company has spent
almost $6 million directly on the problem. Soon, raw
gewage will constitute the major portion of the pollution.

Corporations can no longer be blamed for not developing
pollution protection. The companies on the river will

have spent $20 million by next summer in reducing pollution.
By then, the industrial pollution load will be lower than
that of domestic sewage and the total load will be minute,
as compared with the amount in 19h0.

(Ed. Note: At this point General Potter re-emphasized

the position of the Corps of Engineers on the question

of pollution, and the limits of our authority.)

Will the problem of pollution, by solids, affect the flood
control measures taken by the Corps of Engineers.

(Ed. Note: Dr. Lawrence stated that he believed the
quantity of suspended solids present would not affect
flood control works.)
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Speaker

Interest Represented

Improvement Desired, Reasons Advanced, or other Remarks

Mr. Ford W, Harris
Enginseer, Auburn, Me,

Mrz, Rohert D.
MacPherson

Interested Individual

League of Women Voters
of Maine

His employer, a railroad company serving a large portion of
the Androscoggin River basin, is neither for nor against
flood control measures, is interested in plans involving
railroad facilities,

Read undated statement. The organization supports promotion
of long range planning for conservation and development of
water resources and stresses need for coordinmated administra-
tion, regional and river basin planning, and emitable
finanecing. While flood control should be comsidered in
multiple-purpose projects, the main problem of the
Androscoggin River is pollution caused by industrial wastes
and manicipal sewage. Maine's record of sewage treatment
was the Jowest in the nation in 1957 when about 90 percent

of the sewered population disposed of raw sewage in the
waterways. Maine waterways, now used principally as carriers
of waste, should serve for industrial processing, domestic
water supply, irrigation, and recreation, and should be free
of hazards of disease and odors. There will be more demand
for clean water in the next few years. Asked that Corps of
Engineers develop plans to maximize use of resources in the
basin to provide power, flood econtrol, increased water supply,
irrigation, recreation uses, and stream regulation. Suggested
that flood plain zoning be investigated as an alternative to
flood control facilities. Asked that citlizens be given an
opportunity to discuss and consider zalternative possibilities
for the development of the river, and that all agencies whose
policies affect the river be coordinated to eliminate

duplication.



Speaker

Interest Represented

Improvement Desired, Reasons Advanced, or other Remarks

Mr. Edward C. VonWild,
Shelburne, N,H.

CWriter

Mr. Vance A. Lincoln
» and members of the
& Androscoggin Lake
Committee

Mr. E. Boyd Livesay
Superintendent

Interested Individual

Desires the establishment of a river patrol to prevent the
disposal of debris in the Androscoggin River., Wished the
engineers would clear the river of garbage. Keeping refuse
out of the river will abet passage of water.

LETTFRS AND STATEMENTS RECEIVED AT HEARING

LEWISTON, MAINE

Office of Selectmen,
Town of Wayne, Maine

Brunswick and Topsham
Water District, Maine

Letter, dated 3 December 1960, briefly describes the economic
losses to the town from high water on Andrescoggin Lake - a
summer residential area. Nearly every spring the grossly
polluted high waters on the Androscoggin River flow up the
Dead River and into the lake, raising the water surface

12 to 15 feet. During the flocd of March 1936 the surface
rose about 27 feet, Believe a new and higher dam with larger
gates on the Dead River would solve the flood problem of

the lake.

Letter, dated 13 December 1960, reports well field frequently
flooded and pumping station inundated in 1936 and 1953.
Denotes damages from these floods. Since the Androscoggin
River is highly polluted, the hazard of epidemics exists
when flooding occurs. Present water supply not adegquate

to attract new water using industries. Request consideration
be given to the control of floodwaters and pollution in the
river.
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Writer

Interest Represented

Improvement Desired, Reasons Advanced, or other Remarks

Board of Selectmen and
Towvn Manager

Rumford, Maine

Submi tted statement and Code Zoning Law. Flooding of
public and private properties by the Androscoggin and

Swift Rivers has been of great concern to the inhabitants

of Rumford and Mexico, Maine for many years. The largest
flood occurred in 1936 and the next largest in 1953. Believe
the most feasible methed of controlling flcodwaters is hy
retarding structures on the tributaries below Errcl, N.H.
and on the Swift River. Also diversion of floodwaters below
Rumford would be of great benefit to the town. Despite the
flood improvements made by Rumford, flooding .of properties
still occur.

(Ed. Note: Supplemental letter dated 23 December 1960,
requested consideration be given to: removing several

river chanrel obstructions and dredging a part of Wheeler
Island, all located on the Androscoggin River in Rumford;
and dredging and straightening the chamnel of the Swift
River. These obstructions caused ice jams that increased
the height of flood flows.)
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APPENDLX B
HYDROLOGY AND HYDRAULICS
1. INTRODUCTION

This appendix presents climatological and hydrological data for
the Androscoggin River basin, the analysis of floods of record, the
development of synthetic floods, the analysis of wvarious flood control .
measures, and the determination of flood,reductlons afforded by various
studied flood control projects.

GENERAL DESCRIPTION
2, . ANDROSCOGGIN RIVER BASIN

) The Androscoggin River basin is located principally in the south-
western part of Maine with part of the headwater area lying in the
northeastern part of New Hampshire as shown on Plate No., B-1. Of the
total drainage area of 3,450 square miles, approximastely four-fifths
(2,730 square miles) are in Maine and one-fifth (720 square miles) in
New Hampshire. The lake and pond areas ¢omprise about 1h3 square
miles or L.l percent of the total area.. The basin has a length of
about 110 miles and a width of about 65 wmiles, The average elevation
of the terrain is between 600 and 1,500 feet above mean sea level,
The upper portions are rough, mountainous and almost entirely covered
by forests. Tle lower portions are hilly, partly wooded and contain
considerable cultivated land,

Hydrologically, the basin can be divided into three areas:
3. The area above Errol, New Hampshire.
b. The area between Errol and Webb River, below Rumford, Maine.

c. The area between Webb River and the Mouth.

The upper portion of the basin above Errol, New Hampshire (D.A. = 1045
sqs mi.) includes six lakes with 661,000 acre-feet of combined usable
storage capagity. Collectively these lakes are frequently called the
Rangeley Lakes. Pertinent data for the Rangeley Lakes is given in

Table B-~-l. The lake storages, used for log driving, power and recrea-
tion, also have large modifying effects on all types of floods. Because
of the control exerted by the lake storage, flood flows from this portion
of the basin uswally do not contribute greatly to downstream flood peaks,
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TABLE B-1

RANGELEY LAKES ~ USABLE STORAGE

D.A. USABLE STORAGE

Net _Gross Ae-Fto Inches
: Net Gross
KENNEBAGO 112 V 112 16,600 2.8 2.8
RANGELEY 90 I' 90 30,700 6.l .- 6.4
MOOSELOOKMEGUNTTIOC 203 105 192,200 17.8 '8,9
RICHARDSON LAKES 1ok 509 130,700 23.6  L.8
- Sub=Total ) . 509 . 370,200 137 -
Azxscdﬁés , .21 S 21 220,200 19,3 15.5
UMBAGOG 322 1045 70,700 Lol 1.3
| Total . ~"ibu5 . 661,100 . - ﬁ :  1ia9'

Tha mlddle portlon of the basin between Errol and Webb River . -
drains about 1300 sq. mi. and is characterized by the Presidential .-
and Mahoosuc Ranges of the White Mountains. Most of the tributaries
are short with steep slopes and tend to generate the flood peak on
the main stem of the river.

The lower portion of the basin which drains about 1105 square
miles has relatively long tributaries with flat slopes and several
small lakes and ponds. These physical features tend to modify and
retard tributary floods. Because of their long travel time, these
tributary peaks tend to synchronize with the main river peak that
moves down from the central portion of the basin.

3+ ANDROSCOGGIN RIVER

a. General., The main Androscoggin River originates at Errol
Dam at the outlet of Umbagog Lake, New Hampshire, but the actual
headwaters of the principal contributing streams lie about 50 miles
further north. . From Errol Dam, the river flows south turning sharply
‘to the éast near Gorham, New Hampshire. A short distance upstream
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from Livermore Falls, Maine the river turns sharply again to flow socuth
to its outlet in Merrymeeting Bay, eight miles below the head of tide-
water at Brunswick, Maine. Between Errol Dam and tidewater at Brunswick,
the river descends a total of 1,245 feet in 161 miles, an average slope
of about 7.7 feet per mile. Included in this total fall are two steep
drops, one of about 240 feet in 2,5 miles at Berlin, New Hampshire, and
a second of gbout 180 feet in 1.6 miles at Rumford, Maine,

A tabulation of pertinent data for the Androscoggin Rlver and its
trlbutarles is shown in Table B-2. -

TABLE B-2

ANDROSCOGGIN RIVER AND TRIBUTARIES

River or Tributary Drainage Area
' (square miles)

Magalloway River at Umbagog Lake h39
Rapid River at Umbsgog Lake 520
Androscoggin River at Errol, N.H., USGS Gage 1045
Androscoggin River near Gorham, N.H., USGS Gage 1363
Peabody and Moose Rivers at mouth 71
Wild River at mouth 69
Sunday River at mouth 51
Bear River at mouth L3
Ellis River at mouth 163
Androscoggin River at Rumford, Me., USGS Gage 2067
Swift River at mouth . 125
Webb River at mouth - 132,
Nezinscot River at mouth ' 181
Little Androscoggin River at mouth 353
Androscoggin River near Auburn, Me., USGS Gage 3257
Androscoggin River at head of tidewater 3450

b. Magalloway River. The Magalloway River flows through
Aziscohps Lake and then follows a meandering course in a southerly
diregtion for about L7 miles to its mouth at Umbagog Lake, about -
three miles above Errcol Dam. It drains an area of 439 square miles
and has a fall of approximately 500 feet.  The principal tributary
of the Magalloway River is the Dead Diamond River. From the conw-
fluence of its steep headwater sources this tributary flows in a
general southeasterly direction for about 17 miles.
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c. Rapid River. . Rapid River commences at the outlet of the
Rlchardson Lakes at Middle Dam and flows on a general northwesterly
~course for about seven miles to Umbagog Lake where it joins the
Magalloway. River to form the Androscoggin River, It drains an area
of about 520 square miles which includes the Kermebago, Rangeley,
Mooselockmeguntic and Richardson Lakes,.

d. Moose River. The Moose River has its source in the town of
Bowman, New Hampshire and flows in a general northeast direction to its
confluence with the Androscoggln River in the town. of Gorham, New
Hampshire. It has a drainage area of about 2 square miles and extends
from the peaks of the Presidential Range for about 12 -miles to its
mouth with a total fall of about 5,000 feet. The topography'of the
basin is mountainous with steep slepes and very llttle effectlve
channel storage.

@. Peabody River. The Peabody River rises in the northwest

portion of the town of Pinkham Notch, New Hampshire and flows in a
general northwesterly direction to its confluence with the Androscoggin.
River in the southeast corner of ‘the town of Gorham, New Hampshire.
Tt drains an area of about 47 square miles and extends from the summit
of Mt. Washington for about 12 miles to its mouth and has a total fall
of about 5,500 feet. The topography of this basin is similar to that
of Moose River basin.

f. Wild River. The Wild River has its source at North Ketchum
Pond in Beans Purchase, New Hampshire, The river follows a generally
northeasterly course entering the Androscoggin River in the northwest
corner of Gilead, Maine. Its drainage area of 69 square miles extends
from the summit of Mt. Washington for about 15 miles and has a total
fall of about 5,500 feet.. The topography at this basin also is.
similar to the Moosé River basin,

g- Sunday River. The Sunday River has its source in the vicinity
of Goose Eye Mountain in Riley, Maine and flows in a general south-
easterly direction for sbout 1lh miles to its confluence with the
Androscoggin River in the town of North Bethel;, Maine. It drains . an
area of approximately 51 square miles and has a fall of about 2,400
feet. . . .




h. Bear River. The Bear River has its source just south of the
town of Grafton Notch, Maine and flows in a southeasterly course for
about 13 miles to enter the Androscoggin River at Newry, Maine. Its
drainage area is about I3 square miles and its fall is about 860 feet.

i. Fllis River. The Ellis River rises in Ellis Pond in the town
of Roxbury, Maine and flows generally south about 20 miles to its con-
fluence with the Androscoggin River hear Hanover, Maine. The topography
of the basin above Andover is mountainons with steep slopes and very
little effective channel storage., Below this point, there is a broad
flat plain which extends about seven miles to below North Rumford.

The Ellis River has a drainage area of 163 square milles and a fall of
about 200 feet.

i» Swift River. The Swift River rises in Swift River Pond
about six miles northeast of the town of Houghton, Maine and flows
southerly about 25 miles to its confluence with the Androscoggin
River at Mexico and Rumford. It drains an area of 125 square miles
and has a fall of approximately 1800 feet.

ko Webb River. The Webb River rises in Lake Webb in the town
of Weld, Maine at an elevation of 678 feet above mean sea level.
The river follows a meandering course in a southerly direction for
about 15 miles to its mouth at the Androscoggin River at Dixfield,
Maine. Its drainage area is 132 square miles and its fall about
285 feets

l. Nezinscot River. The East and West Branches of the Nezinscot
River rise in the southern slopes of a hilly region in the southern
part of Peru and the northwest corner ’of Woodstock, Maine. The two
branches flow in a general southeasterly direction about 16 miles,
uniting at a point one mile below the village center of Buckfield
to form the Nezinscot River. Below Buckfield, the Nezinscot River
follows an easterly course for 1l miles to its mouth at the Androscoggin
River at Keens Mills, about 3.5 miles northeast of Turner, Maine. It
has a drainage area of 181 square mlles and a total fall of about 590
feet.

- m. Little Androscoggin-River. The Little Androscoggin River

' rises in Bryant Pond in Woodstock, Maine at an elevation of about
700 feet above mean sea level., The river flows south for a short
distance and then east for the remainder of its L6 mile length where
it joins the Androscoggin River at Auburn, Maine. It drains an area
of 353 square miles and has a total fall of about 580 feet.
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., CLIMATOLOGY

'ao General. The average climate of the Androscoggin River basin
is characterized by relatively cool summers and long, cold, snowy winters
especially at inland points. Prevailing westerlies and cyclonic
disturbances that ¢ross the continent from the west or southwest bring
to the basin frequent but short periods of heavy precipitation. The
basin is also exposed to occasional coastal storms, some of the tropical
origin that travel up the Atlantic seaboard These latter storms are
heavily with moisture from the ocean but much of their original violence
is lost before reachlng Maine. Precipitation, temperature and snowfall
data at Rumford, Lewiston, Berlin and Errol are tabulated in Tables B-3,
B-li and B-5 and shown graphically on Plate No. B=5. o

b, Temperature; The average annual temperature of the Androscoggin
River basin is about 43° F, ranging from h5° F at ‘points near the coast
to about 42° F in the headwaters. The yearly range of mean monthly
temperature is wide, with temperatures between 64° F and 70° F in July
and August, and between 15° and 20° F in January and February.
Temperature extremes range from occasional highs slightly in excess of
100° F to infrequent lows below minus 30° F.

¢o Precipitation. The average annual precipitation of the
Androscoggin River basin is about LO inches distributed rather uniformly
throughout the year. At any one station the range between maximum and
minimum values of average monthly rainfall is only about one to two
inches. Much of the winter precipitation comes in the form of snow.

d. Snowfall. The annual snowfall over the watershed varies
from about 80 inches near the coast to about 170 inches in the headw
waters. The water content of the snow cover in the early spring often
amounts to six to eight inches over the entire basin, with 10 inches
or more being quite common in the higher elevations of the White
Mountains. '



TABLE B-3

MONTHLY TEMPERATURES
(Degrees, Fahrenheit)

Lewiston, Maine Rumford, Maine
Elevation 182 Ft., MSL Elevation 674 Ft. MSL
78 Years of Record 62 Years of Record
Month Mean Max. Min, Month Mean Max. Min.
January 19.1 64 ~28 January 17.6 64 =33
February 20.2 59 -28 February 19.0 55 -3k
March 30.3 82 -18 March 29,2 79 -18
April b2,2 87 10 April 81,3 86 11
May 54,1 101 27 May S3.4 97 25
June 63.7 99 34 June 61.7 98 33
July 69.6 102 ey July 8.2 101 Lo
August 67.5 98 38 August 65,7 98 38
September 59.9 97 28 September 58.1 g5 26
QOctober bg,2 30 18 October 47.4 85 15
November  36.7 7 2 November  34.9 75 -5
December 24,1 63 =27 December 22.3 60 - =27
Annual bu,7 102 -28 Annual 43,2 101 -34
Berlin, New Hampshire Errol, New Hampshire

Elevation 1110 Ft. M3L : Elevation 1280 Ft. MSL

52 Years of Record 9 Years - 1932 thru 1941
Month Mean Max. Min, ' Month Mean Max. Min.
January 14,9 67 4] January 16.9 53 =30
February 16.3 63 -39 February 18.6 ~ 49 -24
March 27.1 80 -29 March 27.2 (3 =20
April 50.2 88 -9 April 40,1 78 5
May 52.2 o4 3 May 51.9 88 26
June 61.5 98 24 June 61.7 92 32
July 66,3 100 34 July 664 92 i
August 63.9 97 20 August 64,0 90 36
September 56.5 o 8 September 56,0 87 oh
October 46,0 88 8 : October 44,9 78 18
November 33,6 77 -13 November 34.3 68 -6
December 19,8 66 by December 21.6 60 -32
Annual 41.8 100 ~lh Annmual 42,0 92 -32

B-7



MONTHLY PRECIPITATION RECORD

Lewiston, Maine .
Elevation 182 Ft. MSL
88 Years of Record

Month Mean Max, Min.

January 3.86 8.?0 1,22
February  3.59 6.44 1,29

. March 4,19 11.13 1.01
April 3.58  7.67  0.42
May 3,41 7.45 0.57
June 3.37  6.54 0.78
July 3.52 7.33 0.93
August 3.06  7.30 0.70
‘September  3.56 10.44 0.91
October 3.59  7.55 0,08

November L,09 7.87 0.57
December 3.93  7.85 1.01

Annual 43,75 61.13 25.61
Berlin, New Hampshire
Flevation 1110 Ft. MSL

62 Years of Record

Month Mean Max. Min,

Januar'y 2089 ?015 0076
February 2.57  3.35 0.89

Mareh 3,20 10.46 0.75
April 2.85 6.05 0.47
May 3.09 6.58 1,12
June 374 7.50 1.63
July 3.55 6.08 1.18
August 3.33  6.96 0.74

September  3.51 12.26 0.62
October 3,14 7.40 0.46
November 3.53 8.11 0.73
December 3,04 5,79 0.89

Annual 38,46 58.00 2B.%6

TABLE B-4

{in inches)

Rumford, Maine

Elevation 674 Ft. MSL

63 Years of Record

Month Mean Max. Min,

January 2.91 4.79 0.98
February 2.69 4,87 0.85
March 3-3‘”’ 13006 0.91
April 3.26 6,72 0.48
May 3.39 8.43 0.69
June 345 7.35 1.31
July 3,71 6.20 0.98
August 3.27 6 .44 0.97
September 3.56 9.06 0.33
October 334 8.41 0.04
November  3.68 8.25 0.61
December  3.08 6.37 0.83
Annual 39 ) 69 62 .36 3‘“’ .1414’

Errol, New Hampshire
Elevation 1280 Ft. MSL
7?4 Years of Record

Month Mean Max, Min,

January  2.82  5.05 1,02
February 2.59 4,37 1.18
Marech 2.80 6.78 0.84
April 2.83 5.5l 0.52
May 3.1 7,45 1.25
June 3.91 9,20 0.87
July 3.81  7.82 1.11
August 3.69 6.65 1.23
September 3.47 7,95 1,02
October 3.17 5.93 0.91
November  3.77 6.62 0.71
December 2.88 5.12 1.11
Annual 38.25 57.69 LN
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TABLE B-§

MEAN MONTHLY SNOWFALL
Depth in Inches

Lewiston, Maine

Elevation 182 Ft. MSL

Month

January
February
March
April

May
June
July
August

September
October
November
December

Annual

74 Years of Record

Snowfall
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Rumford, Maine

Elevation 674 Ft. MSL
56 Years of Record

Month

January
February
March
April

May
June
July
August

September
October
November
December

Annual

Berlin, New Hampshire
Elevation 1110 Ft. MSL
61 Years of Record

Month

January
February
March

_April

May
June
July
August

September
October
November
December

Annual
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e. Storms.

(1) General, Three general types of storms occur in the
Androscoggin River basin: ' Extratropical cyclones, tropical hurricanes,
and rainstorms caused by the orographic influence of the mountain ranges
on a relative moist air mass.

(2) March 1936 Storm. A succession of two storis within a
period of 11 days caused heavy rains throughout the entire New England
area. Rainfall for the period 10-20 March varied from a few inches
along the coast to a maximum of about 20 inches in the White Mountains.

(3) March 1953 Storm. A main upper air low pressure system
extending over the northeastern United States dominated the region's
weather during the latter part of Mareh, It drifted very slowly east-
ward and favored the development of four coastal storms and their
intensification as they approached New England. OCconsequently, a
practically steady flow of moist ocean air streamed over New England
producing almost continuous precipitation during an eight day period
extending from 24-31 March. Rainfall amounting to over nine inches
was recorded at Pinkham Notch in the White Mountain Reglon.

.

(4} October 1959 Storm. A blocking high southeast of
Newfoundland impeded the forward progress of a small storm off the
Carolina coast and forced it to move slowly northwestward toward an
intense disturbance over Michigan. The coastal storm intensified as
it moved northwestward bringing strong southeast winds into the New
England area. The strong winds picked up- a considerable amount of
moistupre as they swept across the ocean and the moisture was deposited
in the form of rain especially over the mountainous areas. In thig.
storm of 23«26 October over 10 inches of rain was recorded at Pinkham
Noteh in the White Mountains.

5  STREAMFLOW

The U.S, Geological Survey has maintained and published records
of fourteen stream gaging stations in the Androscoggin River basin,
Nine stations are presently in operation, all of which are water-stage
recorders as shown on Table B-6, Records of flow at Rumford are
determined from gage readings furnished by the Rumford Falls Power
Company.
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TABLE B-6

STREAMFLOW RECORDS - ANDROSCOGGIN RIVER BASIN

Location of Drainage Period of Discharge (cfs)
Gaging Station Area ~ Record Mean Maximum Minimum
(sq. mi.) '
Diamond River nr. 153 1941~ 32 - 8,630 6.8
Wentworth Location, 6/16/13
N.H.
Androscoggin River 1,045 1908~ 1,885 15,700 # Leakage
at Errol, N.H. 6/18/uL3
Androscoggin River 1,350 1913- 2,313 20,000 960 #*
at Berlin, N.H, 1928 6/18/17
Androscoggin River 1,363 1928~  2,LL4Ls 20,000 * 156
at Gorham, N.H. L/30/23
Androscoggin River 2,067 1892 3,681 74,000 625 %
at Rumford, Maine . 3/20/36
Swift River nr. . 95¢8 . . 1929~ 196 16,800 3.8
Roxbury, Maine ) 10/24/59
Nezinscot River at 171 1941~ 298 13,900 5eb
Turner Center, Maine 3/27/53
Little Androscoggin 76.2 1913~ - 137 8,000 1
River nr, South Paris, 192hs 3/27/53
Maine 1931~
Little Androscoggin 328 1940~ 549 16,500 1 *
River nr. Auburn, Maine 3/28/53
Androscoggin River nr. 3,257 1928- 5,989 135,000

Auburn, Maine ) 3/20/36 340 *

% Daily Discharge
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6. LOW FLOW

Regulation of the storage in the Rangeley Lakes for power generation
at downstream stations along the Androscoggin River insures a flow of
about one cubic foot per second per square mile (ecsm) about 90 percent
of the time. Releases from the Rangeley lLakes with the exception of
Kemnebago Lake, are controlled by the Union Water Power Company, a
subsidiary of the Central Maine Power Company. In accordance with an
agreement between the company and several of the downstream water
users, a minimum flow of 1550 c¢fs is maintained at the USGS gage at
Gorham insofar as possible.. Flows below the desired minimum have
occurred occasicnally, notably during low flow periods of 1930~31,
19h1-h2 and 1947-L8. The minimum observed daily flow at Gorham was
795 efs on 15 March 1948,

7. FLOODS OF RECORD

4, Historic Floods, The history of floods in the Androscoggin
River basin goes back nearly 179 years with records indicating the
occurrences of floods in 1785, 181k, 1820, 1826, 1827, 18L% and 1869,
The longest period of flow records has been maintailned by the Rumford
Falls Power Company at Upper Falls, Rumford, Maine where systematlc
records were started in 1892.

bo Recent Floods. The March 1936 flcod was the greatest flood
of record in the lower reaches of the Androscoggin River. This flood
was caused by unseasonably warm temperatures and heavy rain on.top
of the snow cover. Flooding at several locatiocns was further aggrevated
by severe ice jams. Two distinct storms occurred in March. During
the first storm, occurring from ¢ to 1k March, 5.8 inches of rainfall
was recorded in Rumford, Maine and 8,8 inches at Pinkham Notch, New
Hampshire., During the second storm, occurring from 16 to 23 March,
5.8 inches was recorded at Rumford and 13.7 inches at Pinkham Notch.
The second storm produced the higheét recorded peak flow at Tl,000
cefes. at Rumford and the largest flood losses ever experienced in the
basin.

The March 1953 flood is the second largest general basin flood
that has occurred in recent years, Precipitation occurred during
most of the month culminating with an average of about five inches
between 24~27 March. A major flood and severe damages were experienced
along the entire length of the main river from Berlin to Brunswick
and along several tributary streams. The recorded peak flow at
Rumford was 56,700 ¢ofego
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The October 1959 flood produced record peak discharges on the
tributaries that drain between Berlin and Rumford. At the USGS gage
on the Swift River near Roxbury, Maine (D.A. = 95.8 sq. mi.) the .
recorded record peak flow was 16,800 c.f.s. or 176 c.s.m. The limited
areal extent of the storm pfévea@ed development of a major flood on
the main stem of the river. - -

Nine floods of sufficient magnitude to cause significant damage
have occurred in the basin. The dates and magnitude of these floods
at Rumford are shown in Table B-T7.

TABLE B-7

MAJOR FLOODS

ANDROSCOGGIN RIVER BASIN

Maximum Daily . Peak
Flood Discharge bischarge
(cfs) {cfs3) .
20 March 1936 | 68,300 T, 000 |
15 April 1895 o 55,230 (not known)
28 March 1953 52,700 56,700
25 October 1959 41,700 116,800
5 November 1927 39,100 46,700
2 March 1896 ’ 39,010 (not known)
25 November 1963 31,500 35,400
27 November 1950 31,100 33,h00
15 June 1942 26,600 30,200

¢s Flood Profiles. High water profiles determined for the
Androscoggin River from field surveys following the flood of March
1936 are shown on Plate Nos., B=2, B-3, and B-l.
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d. Flood Frequencies. Peak discharge-frequency curves were
computed for all gaging stations in the basin. The frequency analyses
were made in accordance with the procedures outlined in EM 1110=2-1150.
The method assumes that the logarithmic values. of annual peak flows are
normally distributed, thereby permitting the application of standard
statistical analysis. This enables the discharge~frequency curve to be
defined by its mean value and standard deviation. Based on a regional
analysis, a skew coefficient of 1.0 was adopted for the Androscoggin
River basin. The basic frequency data for gaging stations was used
to derive frequency curves applicable to the damage zones for economic
gstudies. A tabulation of the natural frequency curve data for the
damage zones is shown in Table B-8. Frequency curves at various
gaging stations alorg the main stem are shown on Table B-6.

8. ANALYSIS OF FLOODS Gl

a. General. The major floods of record were analyzed to detemine
the h§drologic'development of the floods and the tributary component.s
contributing to the crests on the main river. Such a study is esgsential
to appraise the flood potentialities of the basin and to determine
tributaries which should be controlled: to obtain the most effective flood
reductions.

b. Flood Routing. Because of its simplicity in derving routing
coefficients and its adaptability for component routing, the progressive
average~lag method of flood routing was adopted for all reaches except
between Rumford and Auburn. & variable coefficient routing method was
used between these two zones. The Androscoggin River basin was divided
into tributary watershed and subareas for flood analysis as shown on
Plate No. B-1l. The routing coefficients were obtained by trial from
the floods of record and were selected on the basis of the best
reproduction of the recorded hydrographs.

c. Analysis of Floods. The resulys of the flood analyses are
shown graphically on Plate Nos. B=20 and B-21 for the 1936 and 1953
floods. The discharge contribution of the tributary areas to the
peak discharge at selected index stations are tabulated in Table B-9
and are described as follows:
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TABLE B-B
ANDROSCOGGIN RIVER
TABULATION CF NATURAL FREQUENCY CURVE DATA

FOR
DAMAGE ZONES
ZONES
1,28 3 4 &5 6,748 9410 11 12z 13 lba-1 1ba-2 ©14b,15 & 16 17
Aoburn Rt. 202 Livermore Ridlonvilla Rumford West Shalburne N.H.P.8, Gorhan Erpel
Exceedence Exceedence (US0S Gage) Huy Bridge Falls Dam Bwy Bridge Upper Falls Bethal Bathel Falls Dam Co, Dan (USGS Gage) Dan
Freq. per Interval in
100 years Fears R 28,4 R 30.6 M 1.8 RM 85%.6 RM_88 R¥ 105 M 113 M 127.6 M 130.3 RM 1344 M 168.6
05 2,000 250,000 " 220,000 180,000 165,000 145,000 120,000 102,000 64,000 43,500 28,000 19,000
.20 1,000 218,000 150,000 155,000 140,000 125,000 105,000 91,500 59,000 40,500 26,800 18,400
25 400 177,600 155,000 128,000 115,600 104, 600 87,000 80,000 53,000 36,500 25,000 17,500
.50 200 152,000 130,000 108,000 96,000 87,000 26,000 8,000 6,800 34,000 23,500 16,700
1,00 100 122,000 108,000 50,000 81,000 4,000 65,000 59,000 k2,000 31,000 22,200 15,500
1,25 86 115,000 100,000 85,000 - 76,000 70,000 62,500 57,000 50,500 . 30,200 21,900 15,500
1,50 66.7 108,000 95,000 81,000 73,000 67,000 60,000 55,000 139,200 29,700 21,400 15,300
2.0 50 160,000 87,000 76,000 67,500 63,000 56,000 %2,000 37,200 28,400 20,700 15,500
1.0 33,3 87,000 77,000 68,000{ 61,000 57,000 51,000 i47,000 3,800 26,800 19,800 14,200
k.o 25 80,000 71,000 63,0600 57,000 53,000 8,000 4, 000 33,000 25, 19,000 13,800
5.0 20 75,100 67,000 66,000 54,000 20,000 15,500 42,000 31,600 24,800 18,500 13,500
10.0 10 62,400 55,000 56,000 6,000 k2,000 38,500 35,200 27,200 21,800 16,500 12,100
20,0 5 51,600 46,000 41,000 38,000 35,700 32,000 29,200 23,100 18,700 15,100 10,500
0.0 3.3 45,100 41,000 36,700 34,000 32,000 28,000 26,000 20,800 16,900 14,100 9,400
4o.0 2.5 42,500 38,000 34,000 31,500 29,800 25,500 23,600 19,000 15,700 13,400 8,500
£0.0 2 39,700 36,000 31,600 29,300 27,800 23,200 21,900 17,600 15,000 12,800 8,000
60.0 1.7 37,700 34,000 30,000 28,000 26,400 22,200 20,500 16,800 14,100 12,200 72500
70.0 1.4 36,000 33,500 28,600 27,000 25,200 21,300 19,600 15,900 13,600 11,700 7,200
£0.0 1.25 34,500 31,200 27,500 26,000 24,200 20,900 19,000 15,200 13,000 11,000 6,500
90.0 1.11 33,200 30,000 26,500 25,000 23,200 20,000 18,300 14,500 12,500 10,500 6,600
95.0 1.05 32,800 29,600 26,000 24,500 22,500 19,800 18,000 15,100 12,100 10,300 6,500
9.0 1.01 32,300 29,600 25,500 24,000 22,600 15,100 17,300 13,600 11,800 10,200 6,200
§%.99 1+ 32,200 28,800 28,000 23,900 22,500 19,000 16,500 13,000 11,500 19,100 £,000



TABLE B9
TRIBUTARY CONTRIBOUTIONS

0
MAIN RIVER FLCGD PEAKS
ANDROSCOUGIN RIVER BASIN, ME. & N.H.

Dischargs
Contributing - Dralnage Aras March 1936 Mareh 1 TTCF
location Component iaq.mi.i € ] Cof8, {c.f.m.) 35 (C.t.8.7 Z%S
Gorham, N.H. Androscoggin at Brrol 1,068 76.7 5,500 28.8 2,200 13.0 : lg,ggg 10,0
Local - Errel to Gorham 318 23,3 13,600 1,2 15,400 87.0 x 0,0
1,363 106.0 19,160 100.C 17,700 100.0 20,000 00,0
Rumford, Me. Androscoggin at Errol 1,045 50.5 &,100 5.5 1,000 1.8 2,800 4.5
Local - Errol to Corham 318 15.% 10,200 13.8 6,900 12.6 8,200 13.1
Moose & Peabody Rivers (1) 95 [T 12,900 17,4 4,500 8.2 8,700 1.0
local Area 6% 3.1 5,000 6.8 3,400 6u2 3,200 5.1
Wild River 69 3.3 10,100 13.6 3,700 6.7 6,600 10.6
Local Area 99 4.8 9,000 1z.2 8,400 15.3 8,200 13.1
Sunday River 51 2,5 4,300 5.8 4,400 8.0 3,900 6.2
Local Area 22 1.1 1,600 2.2 1,900 3.4 1,500 244
Baar River 43 2.1 2,000 .0 3,700 6.7 2,800 4,5
loecal Area 32 1.6 2,300 3.1 2,700 b,9 2,700 4,3
Fllis River 163 7.9 9,300 12.6 9,000 16.4% 10,700 17,2
local Area 65 3.1 2,200 3.0 5,400 9.8 100 5.0
2,007 100.0 74,000 100.¢ . 55,000 100.0 2 4,400 100.0
Auburn, Me. Androscoggin at Errel 1,045 32.2 3,700 3.1 6,500 6.5 2,800 2.9
Local - Errel to Gorham 318 9.7 9,100 77 1,000 1.0 6,600 6.8
Moose & Peabody Rivers (1) 95 2.9 9,800 8.3 4,100 4.1 6,500 6.7
local Area 65 2.0 3,900 3.2 3,000 3.0 2,400 2.5
Wild River . 69 2.1 7,900 £.7 3,200 3.2 4,800 5.0
Local Area %0 ' 3¢ 74500 8.4 6,800 6.8 6,400 6.6
Sunday River 51 1,6 3,600 3.0 3,600 3,6 3,000 3.1
Local Area 22 0,7 1,300 1.1 1,500 1.5 1,200 1.2
Bear River ¥3 1.3 2,600 2.2 3,000 3.0 2,100 2.2
local Area 32 1.0 2,200 1.9 1,600 1.6 2,400 2.5
Eilis River 163 5.0 8,800 7.5 8,500 8.5 9,400 9.7
Local Area 3 2.0 2,800 2.k 4,400 kA 3,600 3.7
Sub-total Androscoggin 2,067 63.5 63,200 53.6 47,200 47,2 51,200 52.9
above Rumford
Swift River 125 3.8 11,400 9.7 7,500 7.5 8,500 8.8
Webb River (2} 145 4,5 4,800 4,0 3,700 3,7 4,100 4,2
Local Area 159 4.9 7,100 6,0 4,800 4.4 6,700 6.9
Local Area 164 5.0 3,300 2.8 4,500 4.5 6,200 6.
Kezinssot River 181 5.6 8,300 7.0 13,500 13.5 6,200 6.4
Local Area 63 1.9 3,500 3.0 2,700 2.2 2,000 2,0
Little Androscogein River 353 10.8 . lé.hOO( 13, 16,500 16. 12,000 12.4
3,257 10¢.0 118,000 3)100.0 99,800 100.0 93,900 100.0

(1) Includes 2& sq. mi. of local area.
(2) L 13 " " " " n

{3} AdJjusted for effect of ice jam.
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(1) Above Errol Dam. The flood runoff from the area above
Errol Dam is greatly médified by the large amount of storage in lakes
which are usually filled during the spring munoff season of March, April
and May., The total usable capacity of the lake storage is about 661,000
acre-feet, which is equivalent to almost 12 inches of runoff from the
entire 1045 square miles, In most years the lake storage is filled with
very little spillage. Only during major floods, similar to March 1936,
1s there an appreciable amount of flood flow from the lake area. The
drainage area of 1045 square miles above Errol Dam represents nearly
50 percent of the watershed above Rumford but contributes less than
five percent to the peak flow. At Auburn, the 1045 square miles above
Errol represents aboubt one-third of the total drainage area but contributes
less than three percent to the peak flow. '

(2) Brrol to Gorham. This area comprises 318 square miles and
represents about 23 percent ¢f the drainage area at Gorham. The peak at
Gorham is usually generated by the flood flow from this area with the
outflow from the Rangeley Lakes area arriving a few days later. At
Gorham, the flood hydrograph is double peaked. The first, usually the
higher, represents the runoff from the 318 square miles while the second
peak, usually the lower, represents the runoff from the Rangeley Lakes
area. Runoff from the 318 square miles contributes about 13 percent
to the {lood peak at Rumford and about seven percent to the flood peak
at Auburm.

(3) Gorham to Rumford, Maine., The prinecipal flood-producing
tributaries drain the slopes of the White Mountains and are located
in the central portion of the basin. Major flood contributors are the
Moose, Peabody, Wild and Swift Rivers which drain a total of about 265
square miles. At Auburn this represents eight percent of the gross
drainage and 12 percent of the net drainage area (excluding the area
above Errol). These four streams, however, contribute on the average
about 20 percent to the peak flow, The Sunday and Bear Rivers also are
large flood contributors. -

Because of the large amount of natural storage on the
lower portion of the Ellis River, its contributions to flood flows is
uncertain, Three gaging stations have been placed in operation to help
~ analyze the concurrent flows on the Ellis and Androscoggin Rivers during
flood periods. {(See paragraph lla for further discussion on this subject.)
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(L) Rumford, Maine to Mouth., The Nezinscot and Little
Androscoggin Rivers are the large flood contributors from the lower
portion of the basin. These two tributaries drain about 24 percent
of the net drainage area at Auburn and contribute about that same
amount to the peak flow, ' - : '

9.  TYPICAL TRIBUTARY CONTRIBUTLON FLOCD

- a. General. To evaluate the relative flood control effectiveness
of various plans, a synthetic flood was developed to represent typical
contributions from all principal tributaries in the Androscoggin River
basin. It is cdlled the "Typical Tributary Contribution Flood" (TTCF).
The TTCF was developed in accorddnce with the method set forth in the
NENYIAC Report, Part Three, Volume 3, Section XIX.

be Storm. The storm producing the TTCF was assumed to be
distributed throughout the basin in an isohyetal pattern approximating
that of the average annual precipitation. A study of the storms pro-
ducing the four floods analyzed in the Androscoggin River basin (March
1936, June 1942, November 1950 and March 1953 floods) showed some
variations from the average annual rainfall pattern. Allowance for
these variations was made in deriving the tributary components of the
TTCF. The volume of runoff for each tributary hydrograph was assumed
to be about 10 percent of the average annual rainfall.

co Discharge. In the development of the TTCF, it was assumed
that_%he areas under the tributary discharge-~frequency curves best
indicate the relative flood-producing potential of each tributary.
The peak flows of the TTCF on the tributaries therefore were related
to the areas under the discharge-frequency curves when plotted on
arithmetic probability paper. The probability limits for area
measurement were assumed to be between 50 percent chance of occurrence
(2 years) and 0.05 percent (2,000 years). Selection of these limits
were based on the fact that the 50 percent probability flood represents
the approximate beginning of damages while the 0.05 percent probability
is the.upper limit considered in economic analysis. The area under
frequency curves for each tribubary was related to that of an index sta-
tion and expressed in terms of percentage. The Androscoggin River at’
Auburn was selected as the index station with an approximate peak '
discharge of 100,000 c¢fs.
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do Timing of TTOF. To determine the timing of the TICF, a study
was made of the relative timing of the tributary psaks from analysis
of the past floods of record. An average timing was then selected for
each tributary peak. ‘

The typical tributary contribution flood hydrographs at selected
locations are shown on Plate No. B~22, The discharge contributions
of the tributary areas to the peak discharge at the index stations
are tabulated in Table B-9 and showm graphically on Plate No. B-22,

10, RECOMMENDED PLAN

a. General, The recommended plan, as discussed in the main
report, consists of Pontook Dam and Reservoir., This project, located
on the Androscoggin River about 12 miles upstream of Berlin, New
Hampshire, would be developed for flood control, power, and recreation.,
For purposes of this study, it has been assumed that sterage in Pontook
would be operated in conjunction with the storage avallable in the existing
reservoirs in the Rangeley Lakes system. Arrangements with the owners
will be formulated during design stage of the Pontook project.

. bs Storage. Pontook Reserveir will have a gross storage
capacity of 238,000 acre-feet. Allocation of this storage is as follows:

E;gg; Storage

ft. ace~ft,

Dead : 1182 39,000
Power and Flood Control - 1212 141,000
Flood Control Exclusively 1220 58,000
Total o 238,000

(1) Flood Control Storage. As noted above, Pontook Dam
will be operated for multiple~purpose use in gonjlinetloniithshuegvafts
able storage in the Rangeley Lakes. At Pontook, 58,000 acre-feet of
storage will be reserved exclusively for flood control., This is equivalent
to about one inch of storage on the gross drainage area of 1,215 square
miles and about six inches of storage on the net drainage area of 170
sqguare miles downstream of Errol Dam, By operating the overall storage
according to computed rule curves, it would be possible to draw down
the combined storage of the Rangeley Lakes and Pontook to provide about
560,000 acre-~feet for spring runoff, equivalent to over eight inches
of runoff from the 1,215 square miles of drainage area.

(2) Power Storage. From mass cuyrve and low flow analyses,
it was determined that 141,000 acre~feet of storage at Pontook, together
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with the 661,000 acre-feet in the Rangeley Lakes, would provide a
minimum dependable flow of 1,675 cfs at Pontook., Mass curves were
developed from USGS gage records of observed and natural flows at =
Errol Dam (drainage area = 1,045 square”miles) and at Gorham (drainage
area = 1,363 miles), Stream flow records have been maintained by the
USGS at Errol since 1905 and at Gorham 'since 1913, A detailed analysis
of power storage is given in Appendix F,

(3) Dead Storage. A permanent pool at elevation 1182,
with 39,000 acre-feet of storage, will provide a minimum net operating
power head of 62 feet. Maximum net operating head at elevation 1212
will be 92 feet, '

: ¢. Spillway Design Flood, In deriving the spillway design
flood for Pontook Reservoir, the drainage area was divided into three
areas: (1) the area upstream of Aziscohos and Richardson lLakes

(DA =723 square miles); (2) the area between Agiscohos and Richardson
Lakes and Errol Dam{DA = 322 square miles); &fd (3) the area between
Errol Dam and Pontcdok Dam., The adopted spillway désign flood for
Pontook Reservoir is illustrated on Plate No. B-19, Because of the

large amount of storage upstream of Aziscohos and Richardson Lakes, it
was assumed that the spillway design flood from this area would be
greatly reduced and would not synchronize with the spillway design flood
at Pontook, Aziscohos Lake on Magalloway River controls 21l square - -
miles and has a usable capacity of -about 20 inches of runoff, A foot
rise in the pool is equivalent to about two inches of runoff, The system
of lakes on Rapid River controlB509 square miles of drainage area and
W™ a usable capacity of 370,200 acre-feet of storage which is equivalent
to almost 1 inches of runoff, A foot rise on the lake levels is
equivalent to about 1,5 inches of runoff.

A spillway design flood was computed for the area between
Aziscohos and Richardson Lakes and Errol Dam (DA = 322 square miles),
This flood was routed through the surcharge storage at Umbagog Lske and
added to the spillway design flood computed foir the 170 square miles
that drains the area between Errol Dam and Pontook Dan,

(1) Unit Hydrographs, Three~hour unit hydrographs were
derived for the 322 square miles of drainage area between Aziscohos
and Richardson Lakes and Errol Dam, and for the 170 square miles of
drainage area between Errol and Pontook Dams, The 170 square miles
were separated into Clear Stream (DA = 65 square miles) and the reservoir
peripheral area of 105 square miles, The unit hydrographs were baged”
on a unit hydrograph study of the Swift River near Roxbury, Maine
(DA = 95.8 square miles). Hydrograph data for the Diamond River near
Wentworth Location, New Hampshire (DA = 153 square miles) was investi-
gated but was found to-be unsuitable for unit hydrograph analysis, For
the Swift River, unit hydrographs were derived for the following floods:
June 1942, June, 1943, November 1950, September 195k and October 1959,
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The results of these studies are shown on Plate Nos. B-~7 through

B~17. Based on these studies, the peaks of the adopted 3«hour unit
hydrographs for deriving a spillway design flood were selected at

about 8l csm or 15 percent greater than the highest derived unit
hydrograph peak., The time of concentration varied from 3 hours to

5 hours., The adopted three-hour unit hydrographs for Pontock Reservoir
are shown on Plate No, B-18. 4 comparison of the adopted values for
Pontook Reservoir and other reservoir sites in New England is given in
Table B-10.

(2) - Probable maximum precipitation. The probable
maximum precipitation was taken irom Hydrometeorolegical Report No. 33.
It was assumed that the storm was centered over the 170 sguare miles
between Errol and Pontook Dams, while the 322 square miles above Errol
Dam received the residual rainfall, Infiltration and other losses were
assumed at a rate of 0,20 inch per three hours, Data for the probable
maximum precipitation, losses and excesses are tabulated in Table B-ll.

(3} Spillway design inflow. The spillway design flood
inflow to Pontook of 190,000 cfs was computed by applying rainfall
excesses to adopted unit hydrographs. Of this total, 167,000 cfs is
contributed by the area downstream of Errol Dam, and 23,000 cfs is
contributed by the area upstream of Errol Dam,

TABLE BulD- - coumr

UNIT HYDROGRAPH RELATIONSHIPS

3-Hr, Unit

: Drainage Hydrograph
Tocation Ares Design Flood W-50 W-75 640 Cpr' tpr
. 5q. mie cfs csm hrs. hrs. o |
Clear Stream 65 5,500 84 6.0 3.5 378 L.5
Pontook (Peripheral) 105 8,800 84 6,0 4.0 252 3.0
Errol (Net) 322 27,000 8 6.0 3.5 420 5.0
Swift River 95.8 7,000 73 6.5 L.0 54T 75
Otter Brook W7 2,080 Lk 8.5 5.5 352 840
North Hartland 220 17,160 78 L.0 3,0 390 5.0
5.0 2,5 565 6,5

North Springfield 123 10,750 87
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TIME
hrs,

12
15
18
21
2l
27
30

Total

TABLE B-11
PROBABLE MAXIMUM PRECIPITATION

‘antodk,RBseﬁvoir _
Net. Axez 170°Sge Mie
'Rainfall-

Losses Rainfall

Losses

" Umbagog Lake %
Net Area 322 Squ Mis

- Rainfall Rainfall
ine in, y Excess(in,) Pattern(in.) - in,
0 - o/ 0 0 0
10.5 052 10,3 0.1 - .{ 7.&
2.6 o2 2 o LB
1.5 0,2 L,3 13 © 1.5
1.0 0,2 . 08 103 .07,
0.6 02 . ol 2.4 0,63 .
646 0.2 0.l 0.8 0.50.
'id;h' 0.2 : b.z : Ok 0,50
0.3 o2 o1 02 0,36
0.3 0,2 o o1 0.20-_,
0.2 . 0,2 0 o YN
6.0 1,16

18.0 ' 2,0

Area between Richardson and Aziscohos Lakes and
Errol Dam ' ' : .

6.0 - . 1h;16 3

Rainfall  Rainfall
- in, = Excess{in.) Pattern (in.)

o 0 | 0
0,2 o2 0.3
0.2 1.6 0uh3
0,2 1.3 1.3
0.2  0.87 7.2
0.2 0.43 1.6
0.2 0.3 0.87
0.2 0.3 0.3
0.2 : 0,16 0.16
0.2 0. 0
0.2 o 0
2,00 . 12,16 12,16



da Spillway design flood discharge, The spillway design flood
outflow was computed by routing the inflow through the surcharge storage
assuming various spillway lengths. It was assumed that the pool was
at spillway crest and the outlets operative at the beginning of the flood.
With the outlets or turbines discharging 15,000 c,f.s., the spillway
discharge, for the selected i85-foot side channel spillway, was 68,000
cefess, with an 1ll-foot surcharge. Consideration was given to the
effect of a failure at the upstream Errol Dam. From a study of cross
sections of the river it was estimated that the channel downstream of
Errol Dam would limit the discharge to about 50,000 c¢fs, In order to
take into account the failure or redevelopment of Errol Dam, the
surcharge was increased three feet to 14 feet with a corresponding spill-
way design discharge of 93,000 cfs for the selected LB5-foot spillway
length,

e, Freeboard. The freeboard was compubted using the method
outlined in Technical Memorandum No. 132 entitled: "Waves in Inland -
Reservoirs', November 1962, For an assumed maximum wind of 80 miles
per hour the computed freeboard was four feet. A minimum of five feet
was adopted.

£, Outlet, The flood control outlets for Pontook Reservelir,
as shown on Plate 5 of the main report, will be located at the lower
end of the spillway and will consist of five 10' x 10' sluices, each
controlled by a slide gate. The outlets with a.discharge capacity of
about 15,000 c¢fs were designed to satisfy the following criteria:
(1) with one gate inoperative, obtain outlet discharge equivalent to
the downstream safe channel capacity of 12,000 cfs without vutilizing
more than a minor portion of the flood control storage capacity; (2} per-
mit emptying the flood control storage portion of the reservoir in a
reasonable period of time; (3) pass flood flows from Errol Dam in excess
of power requirements; and (4) provide adequate diversion capacity during
construction., Although the power turbines will have the capacity to
discharge about 23,000 cfs, the outlet has been included in the design
at this time to insure adequate capacity. Studies during the design
stage may indicate that the number of outlets may be reduced or even
eliminated.

g. Rerepulating Pool, Inasmuch as power will be developed
at Pontook at a low load factor, a dam will be constructed 3.5 miles
downstream of Pontook dam to reregulate the discharge to usable flow
for downstream plants. The pool, extending upstream to the main dam,
will have a capacity of 9,300 acre-feet at the spillway crest elevation
of 1118, A fixed spillway, 155 feet long, and a 20-foot surcharge were
selected to provide a discharge capacity of 50,000 cfs, This capacity
is about one-half of that provided at the main dam but is considered
adequate for this type of structure. The outlets will consist of
four gates; a 15' x 9' gate for a log sluiceway and passage of flood
flows, a 22' x 15' gate for the penstock to the hydro units, and two
9t x It gates for reregulating when the power station is not operating.
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In order to reregulate the peaking flow from the maih dam to 1,675
cfs, it will require 4,100 acre feet of storage, Generatlng capaclty
of 3,000 Wmn be provided.

h. Reservoir regulation. Pontook Dam will be regulated
to reduce flood flows along the Androscoggin River during flood
periods,and, together with the reregulating dam, will provide power
and assure dependasble runoff from the watershed even during extreme -
dry periods, '

: (1) Flood Regulation. Poritook Reservoir flood control
storage will be regulated with the reservoirs in the Rangeley Lakes
system to control the flood runoff from the 1,215 square miles of
drainage area at Pontook Dam. Stage and discharge reductions will be
afforded by this regulation at the major damage centers along the
Androscoggin River such 2s Berlin and Gorham, New Hampshire and Rumford,
Mexico, Lewiston and Auburn, Maine, A tentative method of regulation
was prescribed and tested on the record March 1936 flood which pro-
duced an unusually high volume of runoff from the entire watershed.
Regulation of the flood and the effect at downstream damage centers are
shown on Plate No. B~23. Discharge reductions at selected locations are
givén in Table B-1l2. ' B

TABLE B-12

MARCH 1936 FLOOD
EFFECT OF PONTOOK RESERVOIR REGULATION
AND REREGUIATION OF UPSTREAM STORAGE RESERVOIRS

Location - Observed Modified Reduction

Poritook bam 16,000 | 8,000 (1) 8,000 50,0
Berlin, N.H. 19,900' | 12,000 (2) 7,900 - 39.6
Rumford, Maine 74,000 66,500 7,500 10,1
Auburn, Maine 118,000 113,000 5,000 bo2

(l) ‘During development of flcod, outflow curtailed to power requirements
of 1,675 c.f, S

(2)- During development of flood, with flow from Pontook curtailed to
" 1,675 cofoS., flow at Berlin would be 9,000 ¢o.fes, Flow would be
increased to 12,000 c.f.s5, (safe channel hapacxty) after flood
crest has passed downstream damage centers, Tt
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For this regulation study, it was assumed that all
storage reservairs were on their respective rule curves at the
beginning of the flood. (Development of system rule curves is dis-
cussed in Appendix F,) By restricting the outflow to an average .
poower release rate of 1,1675 c.f,s. during the initial development of
the flood it was possible to attain substantial flood reductions at
downstream damage centers. When the flood peak at Rumford began to
recede, the outflow was increased to §,000 c.f.s, which was maintained
until the end of April when the entire system would have receded to the
System rule curve. Under the method of operation, Pontook reservolr
would rise to elevation 1221 or one foot above splllway crest.

It is expected that there will be close coordination
in the future between the Union Water Power Company and the Corps
of Engineers in the regulation of the Rangeley Lakes System and -Pontook
Reservoir during flood periods. By use of flood volume predictions
based on snowy surveys and preclpltatlon forecasts, it may be possible
to further reduce the outflow from Pontook during a 1936 type flood
with more effective use of storage in the upstream lakes.

(2) Low flow regulation. Average monthly flow records
at the Gorham gage Show that, of the 261 months studied between 1930
and 1959, 22 months showed flows less than the minimum 1,550 cfs which
is desired by the water users on the river at Gorham, the lowest being
1,257 ¢fs. The reregulating dam at Pontook would provide a minimum
dependable release of 1,675 c.f.s.

11, OTHER PROJECTS STUDIED

a, Ellis Dam and Reservoir. The Ellis dam site is located in
the town of Rumford, Maine on the Ellis River approximately one mile
above its confluence with the Androscoggin River. The project was
studied for flood control alone and for flood control in combination
with recreation and hydroelectric power. The reservoir impoundsd by
the dam would have a flood control storage of 70,000 acre-feet equi-
valent to eight inches of runoff from a drainage area of 16l square miles.

The wnit hydrograph analysis developed for the Swift River
was assumed to be applicable to the ungaged Ellis River. From obser-
vations of local residents, and further analysis of the extensive natural
storage characteristics of the lower Ellis River, it is now considered
the flood records for the Swift River gage are not applicable for the
Ellis River at its mouth. Field observations indicate that rapid rises
on the Androscoggin River cause water to flow upstream at the mouth
of the Ellis River into the storage area. This unusual characteristic
tends to both reduce the flow on the Androscoggin River and temporarily
delay all discharge from the Ellis River. This reductlion effect occurs
principally while the stages are riging on the main river, diminishes
as the main river crests, and adds to the flow while the flood stages
are receding.
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At this time there is insufficent information available
to adequately analyze this phenomenon., Various #ssififtions have
been made in studying the effect of the valley storage, but there
are too many variables and unknowns to have confidence in the results,
To obtain basic data, the U,S5. Geological Survey. has recently in-
stalled three temporary gaging stations. or the lower Ellis River,
Since the installation of these gages; tWo.minor rises have occurred,
both of which lacked sufficient hydraullc data for.a thorough evaluation,
It is proposed to maintain the gages in the interest of: obtalning
additional information,

b. Hale and Roxbury Projects. Two flood control reservoir
sites were studied on the Swift River because of its high contribution
to flood. flows., However, because of the high construction costs of
the dams, neither the Hale site, draining 111 square miles, nor the
Roxbury site, draining 80 square miles, was economically feasible,

Both sites were investigated for flood control alone; the Hale site was -
also investigated for flood control in combination with power and S
recreation, Flood control storage requirements were equivalent to
approximately eight inches of runoff, Unit hydrographs for detemmining
spillway design floods were based on unit hydrograph studies for the
Swift River at the USGS gage at Roxbury, dralnage area 95 8 square

miles,
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IN FEET ABOVE M.S.L. DATUM

ELEVATION

208 204 190 186 182 178 174 170 72 176 180 184 188 192 196 200 204 208 212 216 220
1800 5 KENNEBAGO LAKE—s
. EL.I780.5d/
; | .
1700 I ™ QR
PARMACHENEE 3 ! Q
LLAKE. ~d : - f&
% | |le »
A gw £2 § : /
1600_3 Qt—'oﬂ tel [
REMIE x < = | {
L=y N x__.‘t 5 =X 2 j /
1500 Tpd— T|= dTU—¢ T MOOSELOOKMEGUNTIC =2
& _UPPER : LN E
\ i S = S |3 I ricwarbSON LAKE EL. (467 —ENN
i g i T 1~ R LAKEEL 1448 :
I o i
1] ul b
\ i z ) |
1400 * g f
b z POND IN THE RIVER
g 1] Ij
=\ L srurTEVANT POND : 3 . Q.
S\ _| £L.s246 UMBAGOG LAKE E UMBAGOG | LAKE | [
1300 et \ ] 3
PR L ]0 EXISTING  STORAGE
#4y L= (A :
wiveR o TP SITE ACRE - FEET DRAWDOWN
1200 7 /[ |v AZISCOHOS 220,200 45.0'
il =2 KENNEBAGO 16,600 4.0'
) s 4 i el RANGELEY 30,700 4.0
7 <l ol og UPPER DAM | 1 192,200 .2’
4 oz 2| S MIDDLE DAM | | 130,700 17.5
== ol a2 ERROL 70,700 8.0’
1eo ws o g% TOTAL T 661,100
=¥ al Q -
39 g _“3
(/2]
\ -
1000 : f ‘
200 "
800 ]
5
70054 148 i52 156 160 164 168 172 176 180 184 188 192 196 “200 204 208 212 216 220

MILES ABOVE BRICK " iSLAND

ANDROSCOGGIN RIVER FLOOD CONTROL

ANDROSCOGGIN RIVER
PROFILE

ANDROSCOGGIN RIVER MAINE 8 N.H.

U.5. ARMY ENGINEER DIVISION
NEW ENGLAND
WALTHAM, MASS,
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" CORPS OF ENGINEERS

U. S. ARMY

BERLIN, N.H.

TEMPERATURE

L+ ] @

MONTHLY TEMPERATURE - DEGREES F.
& o

4 a

JAN FEB HAR AFR MAY JUN JUL AUG SEP OCT NDV 'E!Z"

52 YEARS OF RECORD

PRECIPITAYION

13 T

2

MONTHLY PRECIPITATION - INCHES
5

) 5

, N

AN

D
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT WOV DEC

62 YEARS OF RECORD

24

SNOWFALL

22

20,

MONTYHLY SNOWFALL - INCHES
5

_ T

JAN FEB MAR APR MAY JUN JUL AUG SEP OCY NOV DEC

61 YEARS OF RECORD

MONTHLY TEMPERATURE - DEGREES F.

MONTHLY PRECIPITATION « INCHES

MCNTHLY SNOWFALL - INCHES

RUMFORD, ME. :

TEMPERATURE
e T A ——
° (=]
E -
@ o
8 1> 1
[
7 p—
o ™~
[
o \
5 ™,
s0 .
)
/ . :
3 / " < S\ -
| \
[ R —
. -
' .
.
-1
-2 hd
.
-3
- -
- 40]
JAN FEB MAR APR MAY JUN JUL AUG 3SEP OGT N"(W'ERJ

62 YEARS OF RECORD

PRECIPITATION

2

t —

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV. DEC

69 YEARS OF RECGRD

SNOWFALL

B
. &

JAN FEB MAR APR MAY JUN JUL AUG S5EP OCT HOV OEC

56 YEARS OF RECORD

MONTHLY TEMPERATURE - OEGREES F,

MONTHLY PRECIPITATION - INCHES

MONTHLY SNOWFALL - INCHES

100

90

LEWISTON, ME.

==l N,

TEMPERATURE

e o (o

-1

70

60

JAN FEB MAR APR MAY JSUN JUL AUG SEP OCT NOV DEC

78 YEARS OF RECORD

PRECIPITATION

E
5

fl = e

JAN FEB WAR APR MAY JUN JUL AUG SEP OCT KOV DEC

88 YEARS OF RECORD

SNOWFALL

: 5

&2

byt
FEG MAR APR MAY JUN JUL AUG SEP OCT MOV DEC

74 YEARS OF RECORD

EGEND
ABSOLUTE MAXIMUM TEMPERATURE
AVERAGE TEMPERATURE

ABSOLUTE MINIMUM TEMPERATURE

MAXIMUM MONTHLY
PRECIPITATION

SNOwrALL

HAGE
PRECIFITATION

INIM
PRECIPITATION

Evon

BATE

TRICRIPTIOR

U.S ARMY ENGINCER DIVISION, REW ENGLAND
CORPS. OF ENGINEERS
WALTHAS, Mag3.

o o l“ ulu. .1

ANCROSCOGGIN RIVER FLOOD CONTROL

FROJET [WHMEER

¥ RLCTM
SUBMITTED BY

CLIMATOLOGICAL DATA

IANDROSCOGGIN RIVER,  MAINE & N.H.|

APPROVEQ DATE

CHEF, LANR SR F T 5 Bt

CHWF ERGIHEERING DIV,

SCALE |spec. o crv Eng-m-oig-
DRAWING NUMBER
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AVERAGE RECURRENCE |INTERVAL [IN YEARS
2000 500 200 100 50 20 10 5 2 125

250'\

200 \\

150 \x
6 N
- 100 N AN ;

90!\ AN L
80 A,

70 \ . v&
60
50

C.

1,000
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40

30
25

20

DISCHARGE

15

PEAK

T So A N.A. |
T —

H OO gJgOowO
o
o
{

sl : AN |
0056102 05 | 2 5 10 20 30 40 50 60 70 80 90 95

PERCENT CHANCE OF OCCURRENCE IN ANY ONE YEAR

A MARCH 1953 FLOOD PEAK DISCHARGE

o OCTOBER (959 FLOOD FREQU Y CURV _
¢ OTHER FLOOQODS OF RECORD QUENCY CURVES
ANDROSCOGGIN RIVER MAINE & N.H.

ANDROSCOGGIN RIVER DRAINAGE |U.S. ARMY ENGINEER DIVISION, NEW ENGLAND

AREAS INCLUDE 1045 SQ.Mi. ABOVE JcORPS OF ENGINEERS ~ WALTHAM, MASS
ERROL.
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DEPARTMENT OF THE ARMY -

- GORPS OF ENGINEERS

DISCHARGE IN

e
NOETR '
. MY .
iy
k

looO CFS

OBSERVED UNIT HYDROGRAPHS

DRAINAGE AREA GHARACTERISTIGS

; : ' DRAINAGE AREA 95.8 sq.ml. L 19 mi
5 H MAXIMUM ELEVATION 2400 ftmsi  Lgg 05 - 10.8 mi.
] MINIMUM ELEVATION T 000 fhms) (Llgy) ' 4.94 . :
= == MEAN ELEVATION (weighted) —— ft.ms.l DRAINAGE DENSITY — mi/sq.mi.-:
LAND SLOPE — ft/mi, MAP SCALE - ;62500
. MAIN STREAM SLOPE 4.8 fh/mi. METHOD OF FLOW semmmon TYPE A
- 5 . - BASIN SHAPE FAGTOR . 377
H 5 ELEVAT!ON IN FT. M.S.L. -
: 100 2500
i A
4
= y, .
e o= 80 - 2000
S Saeecs < Ty . o4
— ' R L-4 P4 :
- w . 'a,:
: >3 . =
= 4 >
a - 2
SESE A : : ,
- [ o] 40 : - "T 1Q0Q ’E
& - Hr >
: - W
2 . . -l
g EEEED T W
20 . 500
2 B o e S b ol s ¢ H o . - . .‘- ; 20 "
24 36 48 o 0 20 " 40 .. 60 80 - 100
TIME AFTER START OF RAINFALL EXCESS IN HOURS. : Y cHANNEL msmucé FROM saee c
= “BATA FROM OBSERVED umr HYDROGRAPHS T
_ .| AVE.|RAINFALL EXCESS L Q t % % c C. 40' K 1714 S
DATE OF RAINFALL|LEGEND| P cP | STAGE | QpR B ues|toR [ to | v |OR 0540t Km | Tg =
| AN (iny PO ONIAMOUNT | i |RECORD| (cfs.) | '(otay | thrd | thrd | (he) (he | (hry | TS S -
D) T @ [ 3 @ () @] (m T 8y (9 0o un 12y o3 (14) (t5) | (16) | ;] ENGINEERING INVESTIGATIONS
sspTu 1954 y——1285] 12 .78 .&;mggc 5430 | 7ooo 160l 52|55 | . | .. L "~ UNIT HYDROGRAPHS °
JUNE 15,1943  ka)—-1200f 3 | 149 lunitor] Rec. | 6850 | ¢,850.i . Z0120. ) li€21500] | PR S .
0cT.23-24,1959 [9)——-|450] iz | 2.0 |hifer] Rec. 1. 7100 | 6300 17560 L4ea| 5261 | SWIFT  RIVER NEAR
|JUNE 1495, 1942 Ja)~— —|494] & | 308 lUnder] Rec. | 4800 | 5200 |80 |70 ) 1142|380 ROXBURY, MAINE
Nov. 25:26 1980 (5)——354] = & --,u_‘278 Lhiterd Rec. | 4100 ! 5000 V7.0 6.8 -/._,az__}ag o B
R R E - 0 U PR PR O TN DOCTN NN R i . 'PERTINENT DATA
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DEPARTMENT

RAINFALL AND RAINFALL EXCESS

DISCHARGE IN /000 CF5

IN INGHES PER

HOURS

O

27

CORPS OF ENGINEERS

/o

OF THE ARMY . 3
HYETOGRAPH MASS RAINFALL CURVES I
Bt S T TR T T T ;

y - j ot i i y . . :
T S e !
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= =
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x L
o |
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= == 9 5)AN FAUS
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T I,l-llllllllilillilllri ‘
5 2 ?
GEFPTEMEER /1954 1
1
LEGEND q,
== = OBSERVED HYDROGRAPH
_ ~ SURFAGE RUN OFF - e 20
iz — = UNIT HYDROGRAPH SCALE IN MILES
P ©  REPRODUGED HYDROGRAPH
T e s BASE FLOW - ’
: FEEoass
v “:— “{'” —
; 3 G R p R =
SEE= i
ast : }
: ST ! : f
O A _
7 '
BASIC DATA

SEPTEMBER
 HYDROGRAPHS

1954

~ (Sheet | of 2)

» BASIN MAP

N

SKOWHES
@}

535y

LEGEND
o REC. NON REC.
PRECIPITATION GAGES ® 0
STREAM GAGES A Fay

ISOHYETS
THIESSEN POLYGON
ZONE BOUNDARY

L ]
AUGUSTA

ENGINEERING INVESTIGATIONS
UNIT HYDROGRAPHS

'SWIFT RIVER NEAR

ROXBURY, MAINE

STORM OF SEPTEMBER 1, 1954
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CORPS OF ENGINEERS
ISHEET™ 2 OF 2

. . ¢
7} STREAM AND STATION.S - » LCawhur ine ler. £4° 3820 Lowe. 15"
£
(8) DATE OF STORM_Seplember /1./954 (o) orfice _Alews Euﬂ/and (200 fo py

9%.8 soM. (1) L 19 Mn(12) L, jo. 8 M.(13) (1 03494 |
In(15) tg_ /2 HRS.{16) DIRECT RuNOFF____/- 78
cFs. (18) gop 56.5 CFs/s0.M1.{19) %

DEPARTMENT OF THE ARMY

UNIT HYDROGRAPH BASIC DATA SHEET

{10) 'DRAINAGE AREA

(14) aVERAGE RAINFALL__ 2. 85 N

OO0 cFs. (20} “oR & HRS.

(17) 05 5430

(21) Yo 7.5  Wes.(22) v HRS. (23) Ctr 1152 () CptH0550 %50 o5 wes. 15_4 wes.
TIME OBSERVED | ESTIMATED | - DIRECT OBSERVED WOJUSTED | REPRODUCED
Sept DISCHARGE | BASE FLOW RUNOFF LZ HR UNITI 2 _HR UNIT | STORM
i HYOROGRAPH |~ HYDROGRAPH | HYDROGRAPH
/SFH | (1000 cFs)| (1000 CFS) |. (1000 CFS) | (1000 CFS) | (1000 CFS) | (1000 CFS) |
{25) (26) (27) {28) (25) {30) (31) {32) (33)
=24 ZO0 FOO O o) Q
' N boo| Foo | F00 [ 70 LHBC
FL | Zrbh0ol Fool/BbLo 1toso 1250
& L2460 A0 ALLO | Z 740 7000
g 70| 3o |9b6b0 5430 | 4200
M b ZHD 31017970 | 2340 IR-¥.%0)
[Z2-3A F58BOl FLQ 12270 /L8 4C £20
& Zi5Yol 7220 \2220 | /250 560
7 (2701 ZZ201/590 700 ZoGo
Y J 201 FFO1/4/420 L 7O Y400
Ll L2201 FHol K80 Z00 W20
s ool 240 700 | F90 2H0
? ool F6Ho |l FH0 | ZOC 200
Var 7951 270\ 425 240 /60
FZA 700 2820 L3220 /80 /20
5 L2040 FJF01 230 (20 80
g 8ol FI01 LF0 /1 /0 Lo
Y 520 Yoo | L 24 70 )
2F ool H/g 0 70 20
& H0l 420 L O 20 Q
¢ Y8 ol H 5O F O yde, a
M $4 70 S 70 @) 0 O
Totals |u#t/ng| 7540 7630F5| 20430| 20480
Il
| oate COMPUTED 8Y
?&Pg |823 D[a+e Ho.B'g 051836




OEPARTMENT OF THE ARMY S S S, T T . S CORPS QF ENGINEERS

T ~ HYETOGRAPH S MASS RAINFALL CURVES =~ S | BASIN MAP
q : ’f,’ir'-:?;'”“_k 7P A Frportt ' | ol | ~ 2" _ N
E _k ] 3 1 =S T -
-m- 1
R 2 o EEsco :
6e i '
3% W,
& ' S
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- 0 ] ; A -
'oqz'&,‘ 1-OFF SEEsaes : R ssEn 2
Do : ; SEmsEeTas 3 "
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a8 == 3 2 ShkowHEGAN
4= ‘ Fomn ol . < Cag !l ‘
= ? o s e P T 249
Lz - i | & o FARMMNGTON
z P g PR 3 - :
[+ 4 F { T B
- ¢ ; 1
i 4 Z = : e
: = ' A WfNﬁiawlf‘f}i
= /
g )
/0 < =
9 / :
8t -
] L iNDICATES GBSERVED DATA L
7 H O IN ) 3 i’f ) AS I A N DT O U B B SR A
, : Ve - 8
W, . , VUNE 194 F
:3 ' = EgEEs LEGEND _
s, e REEEEE OBSERVED HYDROGRAPH -
o 5 S iy ——— - SURFAGE RUN OFF s
--8 - = Errend —— = UNIT HYOROGRAPH BLALETN MILES _ LEGEND
N e o giggogfgg" HYDROGRAPH | | _ REC. NON REC.
2 4 ol e i - PRECIPITATION GAGES @ o
= _ ESEoEScoENcECToEs ESESEES STREAM GAGES A A
léJ T o L i e . ) - ISOHYETS ’ —— —
o o - - THIESSEN POLYGON e o e e
< J ZONE BOUNDARY &
Q ; o
|18 LE= ENGINEERING INVESTIGATIONS -
. : UNIT HYDROGRAPHS
) SWIFT RIVER NEAR
! 7 RO)(BUIZYJ'MAHUE
Y7 - 24 N Mo AT ' i STORM OF JUNE 15,1943
2 R /7 C | ~ BASIC DATA 15,19
JUNE 1943 . | | {Sheet | of 2) '
HYDROGRAPHS ‘ : , o : ' .
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DEPARTMENT OF THE ARMY CORPS OF ENGIHEERS

{SHEE™ 2 OF 2

(7) sTReEaM anD STaTIONSwift River near Boxbury, Maine.  »1.44°38 20" o 70°3515"
15 1943

UNIT HYDROGRAPH BASIC DATA SHEET

(8) DATE OF STORM_J UN &

(o) oFFice _New England R/vision
soM. ()L {9 mM(12) 1,08  wm.(13) (i ) 034,94 |
In(18) tg_ 3 HRS. (16) DIRECT RUNoFF___/. 49
CFs. (18) Q. 7/- 5 CFS/SO.MI. (19} 0, 6,850  cFs.(20) t‘oR_______Z__HRS.

958

{(10) DRAINAGE AREA

(14) AVERAGE RAMNFALL 2.00

1N,

(17) oG B0

{21y Yo7 mms.(22) Y

hrs. (23) CtR [ 42 () o0 500 Ws0_5  wes. "15. 2, 5 wes.
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/15— P Zaal Zoo a_| o)
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g INZaol 32O &80 AAa
yavi //ool FFo 7 /0 420
L7~ 2A iUo | 340 500 00
b 20 260 460 3/0
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LY HY0 | 280 2 Lo [5G
2P 5201 3% 200 120
& s 70l dan /20 20
g 400 1] 7.0 Y g
7 + 70 H 70 a !
Totals 135290 So00lz222901 /9490
DATE . COMPUTED BY
ENG FORM |823 Pla+e NO.B"II C65162368
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DEPARTMENT OF THE ARiGY_ , | s o CORPS OF ENGINEERS
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O JoE = SURFAGE RUN OFF
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D - 2 . O REPRODUGED HYDROGRAPH ° 3'3&5{5 N MILES LEGEND
~ o FREEEES T T T sy e e T b e P et e e e ] BASE FLOW T ‘ i REC. NON REC.
= 8 ; . PRECIPITATION GAGES @ (=3
- STREAM GAGES A A _
u ] : : ; ISONYETS —_— —
o b e : ] B : : b THIESSEN POLYGON ———— e
g iS: - ' ZONE BOUNDARY WEHEERERE
3 . i . :
w e 1 3oy —d - . i " A
a Caain L ok , i ENGINEERING INVESTIGATIONS
; E=aaEs | UNIT HYDROGRAPHS
z yS2dgess SEEcEs=Es - | SWIFT RIVER MEAR
= e ROXBURY, MAINE
¥e) t == EESSSESSSSSEdssnstS i : - : \ ,
23 ' Y ) * Y BASIC DATA STORM OF OCTOBER 23-24 1959
- - P OCTOBER 1959 | -{Sheet | of 2) —
. ¢ ”HYDROGRAPHS _ L st L &

p '- Gl+e “O»_B" !2



DEPARTMENT OF THE ARMY

UNIT HYDROGRAPH BASIC DATA SHEET

CORPS OF ENGINEERS
{SHEE™ 2 OF 27

s . . (4 Os gt o ,
(7) STREAM N STATION W17 KIVEL a ing . 44738 30" . 20°3575" |
(8) 0aTE OF STORM DL fofer 23-24 /959 (9) oFFIcE_Ale wjng/mzc/ 2rvision

1 NOV ug

Plate No. B-13

(10) ORAINAGE aREA___O5, 8 soMi. ()L /9 mi(12) o, OB w.(13) (i )03L 94
(14) AVERAGE RAINFALL 4.50 IN(15) to_ /22 HRS.(16) DIRECT RUNGFF 2. 80 IN.
(17) Q5100 oFs. (18) qp 23 CFS/so.mL{19) 06, 300 cFs.(20) YR 705 s
(21) *o__ &  ums.(22) v HRS. (23) CtR_A G2 (au) Cp¥052¢ Wso_ 7 wrs, "75_ &5 nRs.
TIME OBSERVED | ESTIMATED |  DIRECT OBSERVED | ADJUSTED | REPRODUCED | '
ac 7 DISCHARGE { BASE FLOW | RUNOFF | /2 HR UNIT| Z HR UNIT |  STORM
KYOROGRAPH | HYDROGRAPH | 'HYDROGRAPH
/957 {1000 CFS}| {1000 CFS) | (1000 CFS) | {1000 CFS) | (1000 CFS) | (1000 CFS)
{25) (26) (27) (28) (29) (30) (31) (32) {33)
22 &P 20Q 200 Q [}
9 2400 200 Q Z60
Wavi 200 pileYe) [, 2,800
Y- ZA £/10 210 Q b2 40
b 224 220 a $boo
¢ 270]| 2320 g Q 1 2,000
N Joo 2 50 250 2G / 200
FF | Z4aao 280 | 2220 720 £490
b bZ70l Zool £970 | 2470 _£50
.14i2200] Faol/r900 | H250 4éo
L7 1129708 Z/Q 117660 | HETQ Zb0
25 FA ) 7520 70| zs90 | 2570 ZQoa
b 43701 FFQ | Ho 20 | fHHO 24540
7 FLZo| ZF70 | 2F00 ) /oog ZQO
. L | L7l 790 2/ F0 1 TEO /40
7P\ 2t 5o 400 L7450\ LZ0 {20
b LB8OO | 20 | (FF0 | 490 s,
z Lot HHe | sr00 ) 290 V- Xeo)
ML LZHOl Hbo Y80 | 3/Q Ha
Z2hH ZA | L1800 H 70 7.0 | Z450 Zo
4 L0201 HEO F4Q 120 0
g G20\ S 00 420 /Z0
N 2740 10 F20 YW
N 750 440 Z/o ZaQ
L 7Q0 570 /70 o)
¢ | Lool| 490 bo 2.0
M boao LOo 0 Q
Totals 147800 70770157690 20k0d 20600
DATE COMPUTED BY
ENG FORM |823 C516236




DEP‘RTHENT OF THE _ARMY

CORPS O ENGINEERS

HYETOGRAP“

MASS RAINFALL CURVES -

|
;

19/@)
SYAN FALLS

|'.

4‘78“ |

JUNE

L1942

&

' _HYDROGRAPHS | | (snm :l_:_af 2)

0 ¥ i 1 +1 - -
= E %
» - E 1
3 ' Ml : I‘
‘x) g O'-’ » 2‘
ws o 2% : o .
o S ' W 4 4
g o I R ' .
£ ] 3.
<& i
x g /O ; z ¥
n . % - —-' I
= 3 : T : = '
4z : e Py
o | Q = - : = 3
13 R e e e =
o - R = <
% 2 AT ] r 1 4 E
B SEeiEch E =
| R EsERty T _
: ; ; R =5 : - + =
- EEEE ; 2 erun!
1. : 53 :
. ; O
F ; <
18 gEcEans=c / '
th : = ; i !L'r
= : : i # o' - - W
: Ay : : . i INDICATES OBSERVED DATA -0 L\/
4 =3 iE= ‘ N ﬁ?”- . B : -
: e : ‘14 . /.
P : ey f UUNE /942
14 / i o T
W : o i LEGENb
v S=iiESEEES o “OBSERVED HYDROGRAPH |
0 /G S 3&: : ~ QURFAGE RUN OFF &
0 i A — == UNIT HYDROGRASH BCALE [N MILES |
° iy o ' REPRODUGED MYOROGRAPH |
Ploim o e seeseeess BASE FLOW
£ 8 e mmEmE .
w . = i SE=aie
g —% —; i :“d--%-“ i
§ " —= e :
? - e ‘
a 4 2 NTEN
¥ ] - bd *.:,‘
ST SEEEES
s 2 AT
2 L] = “.
| g EESsESSeoteass
O 7 R S Inaa!
K = i e =2

'BASIC DATA

B usmb"m#

N

' - F
3 M TS
o £V

LEGEND

PRECIPITATION gAceES. ~ @

STREAM GAGES A
ISOHYETS
THIESSEN POLYGON

ZONE SOUNDARY = EFHERIHEE

e ——

Py

ENGINEERING INVESTIGATIONS.
'UNIT HYDROGRAPHS

SWIFT RIVER NEAR
ROXBURY, MAINE

| STORM oF JuNE 4-15, 1942

= Plate Mo Beld



CORPS OF ENGINEERS

DEPARTMENT OF THE ARMY
(SHEE™ 2 0F 2)

UNIT HYDROGRAPH BASIC DATA SHEET

. . , ’
(1) sTRean anp sTaTION Swii T River pear Roxhury, Mame  107. 44738 30" ww. 70°35 5%

(8) oaTE oF SToRM__Jurig /4-j5 /942  (5) oFIcE _Aew Enaaiang/ Lrvision
358 soM. (1)L /S ML(12) b, /0. 8 wi(13) (L 303 £ 94

(14) avERAGE RAINFALL _ £, 94 3.08 IN,
(47) 0q 4 800 OFS. (18) g TO CFS/SOMIL(19) 0, 5200 cFs. {20) th__ & _HRS.

(21) *p__7___Wes.(22) v WRs. (23) CtR 42 () %0380 ¥so__ 7 s, 755 wes.

{10) DRAINAGE AREA

. (15) t,__ @ HRS. (16) DIRECT RUNGFF.

TIME OBSERVED | ESTIMATED BIRECT OBSERVED ADJUSTED | REPRODUCED
. - DISCHARGE | BASE FLOW RUNOFF _& HR UNIT|»3 HR UNIT STORM
S add HYOROGRAPH | ~HYDROGRAPH | HYDROGRAPH
F942 (1000 cFs) [ (1000 CFS) | (1000 CFS) 1 (1000 CFS) | {1000 CFS) | (1000 CFS)
(25) (28) (27) (28) (29) (30) (31) (32) (33)
[4-icf 200 L 50 o) 9] (o)
[Z-7A 1 2400 126 | 2750 F20 | s b0
i 14500 5o THED 12420 | F2R0
7 [ F 150 (50 |4 Z000_ (H200 | F120
/0 N aele) 200 (/FP00 | 4510 | FBHO
[P /0500 2og |foZan | 5220 | 2220
I HEZ30 200 HF30 /500 /2 §a
rd 2880 200 | FLa 870 FZo
/0 22501 250 | Zogo & 50 Fbo o
L —/fA] 1730 250 [5G 200 MO
M [ 450 250 | 1200 FYo | FHO
Vi 12710 £50 L0 2/0 Z00
/0 o5 a 253 800 A5G )
/[ F 870 250 520 200 L 60
£ TG 250 #o0 i 50 /40
7 b F00 F 14 (G0 [ 20
o) 550 GO0 255 80 /. 0Q
(L= /A e, 200 L5 &0 50
4 Z20 200 q90 O 24 O
7 2320 300 Z O Jae 0
J&s) Foo aeole! O 0 0
Totals | b7 220 w950 2320 Zozanl 204%0
DATE COMPUTED BY
ENG FORM |823 -Pla'feNo.B‘[SCSisas

1 NOv 49




- — - . CORPS OF ENGINEERS
MASS RAINFALL CURVES B s " BASIN MAP o '

O] T . - T
. e £ : N
T - om0 8 A AP A ir 1
= EEpEsE T
o osE= : IR
=) 5 : 2t
g Q i = 23
. 4 e =2

© RAINFALL AND RAINFALL EXCESS

o
w
I
2
« 2
y z
. .J Ll P4
i 3 : 2
(:g I o ; i
: 2 = f
3 = = o et
3 < ! P! I! v
_z_ _m ; ‘f lil
I ok | "
F 3 ERaReEnc
1 e
=i SEEssEcEns
2 Z 1 "4}‘ f"
2 Sececaiaziec:
o RS o MILIN
F. 2 L e 7 4.180
- e
Ht
1 BE o
7
B
: F 7
:
! Lo L
j 5 £ INDIGATES OBSERVED DATA B
+ 11 T L L T T L L T I rTrL T

e T . : M
!'.- I 3 : = . ) 26 . 27
: = == MOVEMBER - 19 50
: =5 LEGEND
- OBSERVED HYDROGRAPH
—~. SURFAGE RUN OFF . , S ] T . o
—=— UNIT HYDROGRAPH - | ~  SCALEINMRES | LEGEND
©  REPRODUCED MYDROGRAPH o A B ' '
eoptienan ms FLow . B ) ' 5 . . - REC. m ll!@-
_DASE FLOW _ S | PRECIPITATION GAGES @ o
: : . _ ! STREAM:GAGES
S SEEses FEE : = ' " ISOMYETS
ESgss . s SEEanias ESsEst . R THIESSEN POLYGON

-+ 4+ HH=-

FNSERANERE)

“

RN,
DISCHARGE IN /€00 CFAsg

T ﬁ ' JONE BOUNDARY _
A EsBcace fpmerca ceoeaReR: e e e D | ENGINEERING INVESTIGATIONS
Bam=aes i ETEES e P e e e R | ; | UNIT HYDROGRAPHS
> e = e e o SWIFT RIVER NEAR
C . 2% 2% S 2 S e STORM OF NOVEMBER 2526,1950
. NOVEMBER 1950 | ?:‘S‘I? 19:‘2? o ' e
HYDROGRAPHS . . - Seet Lot @) o -
' Cviwn - Plate NaB-l6
\




{10) DRAINAGE AREA
(1u) AVERAGE RAINFALL
(17) ODRMQ_CFS.US)%R A3 crsisoMr.(19) 9,
(21) *p_ton5 HRs.(22) v

DEPARVMENT OF THE ARMY

(7) STREAM &HD STATION.S:prj+

(8) DATE OF STORM_A/DV@m bep 25,26, 19501} oFFice Mo £ 7g Jand Dfuision
so.Mi. (11) v__/9 ML (12) L, QB M (13) (1 %3 4,94

95.8

UNIT HYDROGRAPH BASIC DATA SHEET

3.54

L. 44°38 90" 1w, 70°45 /5"

CORPS OF ENG INEERS
(SHEE™ 2 OF 2)

IN(15) to__ &2 HRS.(16) DIRECT RUNOFF.
CFs.(20) SR 7 ues.

hes. (23) Ctr 182 (a) $p840339 ¥so 7 wes. ¥r5_3.5 s

5 000

2.78

N,

TIME QBSERVED ESﬂMATED BIRECT QBSERVED ADJUSTED REPRODUCED
YO V. DISCHARGE | BASE FLOW |  RUNOFF onecaars | mchan | Homeart
/1950 {1000 cFs) ! (1000 cFS) |. (1000 ¢FS) { (1000 cFS) | (1000 CFS) | (1000 CFS)
(25) {26) (27) (28) (29) ~ (30) (31) (32) {33)
Zh-5A O /80 QO o) )
8 280 /83 oo 220 ZH0
7 AOOO (90 | F8/0 2090 | 3A20
ZF 111050 /.20 /0860 12900 4400
v G700 200 Qo0 | B4z0 | 2250
& 4800 | 200 ZAQQ 1 2020 | /640
i HZZ20 yiRe Horo | r9s5a | 1260
27241 BFAO 240 | /50 | /770 | fO40
2 28201 220 | ZA00 224 350
& 2470 | 2230 | £240 B/0 L5460
i Z /20 250 [8 70 570 780
Z2F | 1880 .50 /5630 590 ZZ20
g (680 2560 | 7420 g /0 £ a0
8 (4320 270 |\ f220 YHJ H$Hz2g
[ LZ22a £580 1040 | 70 FbO
8-2A | /190 290 200 220 790
Z £a80 Z0Q 780 230 LHO
8 2890 | _ZFoa | b80 | 240 | 200
/{ 870 F 1O 7460 | 200 /80
2 F 790 2720 LSO yavde, s 2e,
va 700 ZH40 ZA0 /30 /20
A A 50 750 aele) yao) 80
L/ AGO0 ZHO 2480 ell®) S0
29-2A| 532G 270 [ A0 50 AO
g dole] 284 /20 ad, y &)
8 | 450 290 &0 20 o)
// Hao “40oag O Q g
otale |AZLZ0| THI30|FbI¥0 2028020220
DATE COMPUTED BY
ENG FORM |823 Plate No.B-17 cs1636
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,.i'?\

DISCHARGE

R.E. IN.

1,000 C.F.S.

IN

2 T
. tr=3 HRS
l
tpr=5
28
27,000 C.FS.
24
AREA CONTRIBUTING TO UMBAGOG
LAKE BELOW RICHARDSON &
AZISCOHOS LAKES
DA=32250 M.
20
16
J
4
PONTOOK PERIPHERAL INFLOW
. DA.= 105 SQ.MI
/
/ r }\25006:?5: CLEAR STREAM
ALt / \\\ D.A.= 65 50. M/
] \
VA 4
/ \\\
/ / \\"\4‘-::-
0 = e —
o 6 12 18 249 30
TIME IN HOURS

ANDROSCOGGIN RIVER FLOOD CONTROL
PONTOOK RESERVOIR

ADOPTED THREE HQUR
UNIT HYDROGRAPHS

ANDROSCOGGIN RIVER, MAINE & N.H.

PLATE NO.B-18



IN i,000 C.FS,

DISCHARGE

280

240

200

160

120

80

40

220,000 C.FS.

[\

TOTAL

INFLOW TO ERROL FROM

NET AREA ABOVE UMBAGOG LAKE

DA 322 SQ M.

50,000 C.FS.
-l=.-.- N

|~

~

4~

NG

ERROL OUTFLOW

18

24 30
TIME IN HOURS

36

42

,000 C.F.S.

IN

DiSCHARGE

[\\ /190,000 C.FS.
180 {
/ \ 167,000 C.FS.
m |
160 I\
[- \ TOTAL INFLOW
I \ 7O PONTOOK
140 I \\
PONTOOK S.D.F.
(170 SO M)
120 =
;f I
| \ ADOPTED
100 I SPILLWAY DESIGN ~™
DISCHARGE-93000 CFS.
| \
80 I’ A\
SPILLWAY \ ' 28,000 CLS
OUTFLOW, // |
60 | ‘\ -
| ’ 50,000 CES.
ERROL OUTFLOW (FROM NET) RN
AREA ABOVE UMBAGOG LAKE) \ N
40}-/322 50.M/.) =
L0 NN
, ,
, |
20 | / D7) 24 \ 30 .
CONDUIT OUTFLOW ~15,000 C.FS IaNDROSCOGGIN RIVER FLOOD CONTROL
_/./ / PONTOOK RESERVOIR
o] /2 SPILLWAY DESIGN FLOOD
' TiME IN HOURS ANDROSCOGGIN RIVER, MAINE & N.H.

PLATE NO.B-I9



CORPS OF ENGINEERS H AL U. S. ARMY

i
—y 8o } \ ' R i [ 1 L | ) : e!'.rm:r opl-:cs JAJJ (0BSE! I )
1 : ROSCOGGIN R MFOR - SERYVED
STORM OF MARCH 17-13 1936 I \ RIVER AT RUMFORD ! oS eR
7 ; ‘. 1201 AT AUBURN
SCALE IN MILES — - ——— RO
' S {COMPUTED
2010 9 20 . F H \<- ~le AT AyBURN)
/ ! "; 1 ; . ‘ i H L A
) FLLIS RIVER PLUS LOCAL BETWEEN - "
% : ‘ / ELLIS AND BESR RIVERS | L
: P l i
g %0 : / ; ; \ !
3 : | ~sunpay ARD BEAR RIVERS PLuS LOCAL &
j BETWEEN WiLD AND BERR RIVERS \ _
{ - Z av li IE 5 ~ “ %0
*c tic’ mwmvm PLUS LOCAL BETWEEN /
m:s‘;oc Dam w PEABQDY AND WILD RIVER ©
«0qui -
Ariscohas D,Gm = | | /
£ posr Dofm . a4 30 t 80|
3 160 z / PEABODY AND HOOSE RIVERS PLUS LOCAL 3
] Modison 2 BETWEEN GORMAM AND PEABODY RIVERS g
(?Mlddln Bam ) NDRO. IN RIVER AT =
Upton .mm - A ,,m,amwl UTED 10 7
— ] =z I
- — LOCAL BETWY L z - 1
D“"%” \/ 7 e sl Ry e AL G ROUTED il NOROSCOOOIY PrvemaT | e R
L:immwn Folis }- L= ] L3~ JO RUMFORD 60 f ’}/
Bathe) ¥ Ckenis Hin - i o w -1
r LOCAL BETWEEN EXLIS ~at e
/ { e [ ANG Wi T RIVERS ——— b et £
*Butkdield e = ﬁﬂ _ -
S.Poris o Tyrner : ‘ _— = - - —t ———h x - 1
L) Gardiner — =
"Gult la: O (33 W 33 [ &F W ) N i ™ Ty 5 59 :
370° Yoortord 50 18 19 ' 20 H '
Biden_ ~Cevistn MaRCH 1936 . ; ‘]
- © :
. -
e NEZINSCOT RIVER PLUS LOCAL
e US L
ANDROSCOGGIN ‘RIVER AT RUMFORD L S BETW WEEN RIVER MILE 62 AND
: ——— N NEZINSCOT RIVER
; — — \
! LITTLE ANDROSCOGGIN RIVER PLUS
p LOLAL BETWEEN NEZINSCOT AND
2ol LITTLE ANORDSEOGGIN RIVER: e
- ——
; || e
ISOHYETAL  MAP , | .- B P M U e ~—
_ —_— g — ]
. 0 -
ER MILES ABOVE BRICK I1SLAND , MAINE - I i WEBD RIVER PLUS LOCAL BETWEEN WEBB Rivi ]
RV E ' | T AKD RIVER MILE 62 “ B
Rom . 16D 159 140 130 120 110 190 90 B8O 7O &0 50 40 30 0120 — -__._______.—_-—""__,_—- - l o - - . ]
x — ——— - -1
z @ - o —
Y N &F ™ €A . N &P 1] €A N 5F W €A
3 & sz : LiTTLe ; g 8 Poe 20 21
¥ : 3 -3 Q[ jeRgseod g__ o : MARCH 1936
o I o - =3 E]
- 4 9 D & '
I e = w Q;;
afw G g S 3y
33 : 8 53 : R . ANDROSCOGGIN RIVER AT AUBURN
100, < g £ —ioo
Tx L = = 1/ Lot fe3]
= § |fz & e
Y
2 s |5z § - = oo
% s o185 2" .
g1d (=% : : NOTES:
£ o ; RVIES.
E : § § LocaL ! (1} Includes B4 $q.mi. of oed! Arse,
3313 H ——Jso ;
o 5 N ; * 2 288 FER G ui (2] includas 13 sq. mi. of Local Areo.
[ a o "-
s : s £ A —dwoo LEGEND
o 70 9 r SWIET RIVER ™ g b lidd
8 5 £° = =) Drainoge Arag i ;
- & g = g8 Arag in $q. mi
z g 3 ' L0cAL z
1 3 2 0 W
g N i EcLis kiven & i
g H . _ 3] E ;
z x g ; 5 i
3 50 oY LOGAL 0 ¢ ;
2 iz : BEAR RiyER o i
3 - : ;
-1 43 ; UNOAY RVER x i
= 3 1 P
g 0 - : i |
LOGAL J
% PEASODY / ‘ ; v | SERTRT 3
20 I3 B WILD RIVER (30 i WS ARMY ENGINEER DIViSION, NEW ENGLAND
= o CORPS OF emeus
za . 1 - : lm. HAN, KASE,
g x [ wmoose ; LOCAL Y :
88 |- - J = w [ee [ | ANDROSCOGGIN RIVER FLOOD CONTROL
- P R— 20
20| _ H
& Peasocr a “woose RiveRs m}{;l | FLOOD OF
u AV A ‘ I
i | ‘ T TR MARCH [936
o LOCAL - ERROL TO GORHAM " - <] ANDROSCOGGIN RIVER, MAINE & N.H.
. DO 11 J— & N.H.
SUBMTIED BY Iwovzn DATE
ANDROSEOSEIN RIVER AT ERROL KUY LT M {0
ol 0 SCALE SPEC, MO £V ENGL-B-318~
DRAN NG NUMBER
PEAK DISCHARGE PROFILE AND TRIBUTARY CONTRIBUTIONS . SHEET

I PLATE NO.B-20



CORPS OF ENGINEERS

—

. 5. ARMY

STORM OF MARCH 24-27,1953"

CANADA

SCALE IN MILES
[]

ANOROSCOGEIN RIVER
AT AUBURN.

AN

b,

| ~—ANDROSCOGSIN RIVER AT RUMF

I b

H ELLIS RIVER PLUS LOCAL

o
[~]

BEMENELU.Sl‘mﬁ

SUNDAY AND BEAR RIVER PLUS LOCAL
] BETWEEN WILD AND BEAR RIVERS
1

EA.‘I? RIVERS “\

ANDF

YASCOCGIN RIVER A
|~ ERROL ROUTED T RUMFORD

PEABODY AND
LOCAL BETWEEN GORHAM AND

7

RIVERS\PLUS

2: + - L ons / \
3 [ .
o - @
e / \< 4 | ;
gs ‘ s T
z \ §' : \
w = !
40 Z 5 ANOROSCOGEIN RIVER AT RUMFORD
g u ROUTED eriAusuﬁﬂ L]
@ \ 1 / \
e 3
@
o

i
i
!

/

PEAK DISCHARGE IN 1,090 C.F, 5.

20 PELBODY RiVER 1 LOCAL AREAS BETWEEN!
/——\\ i T H [ RUMFORD AN AUBURN ;
WILD RIVER PLUS LOCAL BETWEEN
SGALEETeE N ELLls | PEABODY AND WILD RIVERS / /umf‘mvaﬁalsmsaw RIVER
L] B L NEZINSCOT RIVER
' e | — Eﬁﬁ%il’;acfggg ‘r'gkwmﬂa L L SWET !?mf/?
j -
e -—mr:"'#_: —_—— —d R T T T I F— WEBE RIVER PLUS LOCAL
== T i - — S ey - — 1 B ) Bl s SO e T BETWEEN SWIT ANG
R 1 - : ; N B g ~~E o T | wEBE RvERS
P L] GA [ [ [} F] 6P & [ ——— fr— | ~— -
26 ¢ # o 28 “ A 5 e A Y R e —~Th— ..--‘_-_._.'—"_'_
MARCH 1953 pr T te— T . i S Myl
H T e 1 R ——— e v
ANDROSCOGGIN RIVER AT RUMFORD O 6 N ¢ M A ; oF M ) LA ©F W €A
27 8
. ‘ MARCH 1953
ISOHYETAL MAFP IANDROSCOGGIN RIVER AT AUBURN
RIVER MILES ABOVE BRICK ISLAND, MAINE
12870 60 150 40 130 %o 1o 100 30 80 70 €0 50 40 10 20 10 920
I l ' '
1 | §
i a
" & @ tio
« g8 2
g iz LocaL  |@
o
100 m 5 (1731 100
‘:':’ t § LITILE
% = d vk ravorgicossm
N 23 z : 3 IVER, 50
b 2 § 1 35
i w
e ol N 5
8 . ] x ! : LOCAL 20
‘F2 8 Ea WEZINSEGTT RiVER w
o s =t §) 55 / S NOTES
: i s | Et £ | 2 {tF Inciudes 24 Squore Miles of Locol Aree.
f E [ 2% § ! LocaL - (2} includes 65 Squore Miles of Locel Arso.
&0 1 ‘ §——;, gf BZ3] 60 z {3} Incivoes 32 Sguare Miles of Local Area
‘ b 2 - o 13 5 7
| § W E § ﬂ; 255 BER ¢ 14} includes 13 Squore Miles of Local Area
i 2 & d : d
B -
50| : 3 R x \ SWIFT RIVER N 50 3
& § 53 a
W 3
= x 4 LoC
TR z :
& 3 g5 YTz wg
] g 4 s ﬂ.;f.s RIVER
§ by A
E \ REviadn fartl CEICRIFTION ar
¥ ‘t"§ SUNDAY B .BEAR “RIKERS 30 LEGEND
3 &3l
x g
1

PERLIN
GORHAM

RROLC

GIN

LOCAL

[F]

i

FEA8007 8 WOOSE IVERS (1L

LocAL

[EE]

20

. PEAK DISCHARGE PROFILE AND TRIBUTARY CONTRIBUTION

ORAINAGE AREA IN SQUARE MILES

U S ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS. OF ENGINEERS
wALTHAN, MaEY.

oA, BT | TR BV | CK &Y
GRE,

FROACT Cmpetn |

ANDROSCOGGIN RIVER FLOOD CONTROL
FLOOD OF MARCH 1953

v
SUBMITTED BY
CHILY, PLAML NPT R ki

CHIEF_ EWGinel  RING. DY

s ] ANDROSCOGGIN RIVER, MAINE & N.H.
[~FPROVED PATE

DRAWING NUMBER

SHEET

SCALE SPEC. MO CIY ENG.-1-0H -

T PLATE NO. B-2I



CORPS OF ENGINEERS

U. S. ARMY
70 10 B T T
24 I i I j ANDROSCOGGIN RIVER
|y ANDROSCOGTI FVER AT RUKRORD | AT AVBUSH
{0.5.65. GAGE) I U.5.6.5 GAGE]}
. - ANTROSCOGGIN RIVER &0 /! 20
2 AT GORMAN
w “
u w5 AN 80
16 £ u
g / \
L=] h
- / ¢ RN 8 4Q i +} -
12 ; a ELLIS RIVER PLUS LOCIL - [ [
z A, = BETWEEN ELLIS aND w I
= BEAR RIVERS G \
w NORDSGOGEIN RIVER) Armnon\ =
AR RIVERS
2 .em:rsa ro slaﬁiu.u ~ % p. ﬂ’“:}zgcﬁfisms,, 60 - IL\
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APPENDIX C
ECONCMIC DEVELOPMENT

l. MAINE

Maine, the largest of the New England states, with an area
approximately as large as all the other New England states combined,
has less than 10 percent of the region's population. With 51.3 percent
of its population .classified as urban (1960 Census), the state has the
lowest per capita income in New England, 28.2 percent below the regional
average and 19 percent below the national per capita (1962 data),

The Androscoggin Basin and the tributary area thereto is economically
the most advanced area in the state. With over Ll percent of the state's
pvopulation residing on only 13 percent of the state's land, the area
accounts for 32 percent of the 2,500 concerns listed in the "Buyers Guide
and Directory of Maine Manufacturers", published by the Maine Department
of Economic Development (1962). Per capita income for the tributary area
is 15 percent higher than for the state as a whole or just under the .
national average.

Androscoggin County which straddles the lower reaches of the river
from Livermore Falls almost to tidewater, a distance of 60 miles, or
roughly one half of the total stream in Maine, is the second most densely
settled county in the state with 181 inhabitants per square mile (1960
Census). The Census designates 82 percent of the population as urban.
With the exception of a 7-mile length of river between the lower end
of Androscoggin County and tidewater and 'a S-mile stretch of the river
between Livermore Falls and Riley which cuts across a corner of Franklin
County, the remainder of the river in Maine lies in Oxford County.

The two counties together, with a population of 13.5 percent of
the entire state, accounted for 19 percent of the value of manufacture
added for Maine in 1962, The industry producing this "value added"
is concentrated in the Androscoggin River valley. If wvalue added for
the plants along the S5-mile stretch of river in Franklin County and
the plants along the river between the lower Androscoggin County Line
and tidewater is included, the river basin accounts for almost a quarter
of Maine's manufacturing productiong‘dol%fr—wise.

Plate 1 shows "Value Added by Manufacturing" for the state, for

Androscoggin County, for Oxford County, and for the two counties com-
bined. The de¢line in Androscoggin County between 1947 and 195h is

¢c-1



accounted for by the continuing decline of the textile industry, once a
valley mainstay. Since 1957 the industry in the county has become
stabilized and in the last four years has started to increase although
it has not kept pace with the state as a whole.,

In Retail Trade and Selected Services, the pattern for the State
and for the river valley counties have following the same trend as for
Value of Manufacture added. The State has shown an overall growth in
each of the indices over the past 30 years with a leveling off in the
rate of growth in the past 10 years. For the river valley counties
there has been an overall growth in both indices in the 2l-year period
ending in 1960 for which data are available but in the last 6 years
of that period the growth in retail trade was small while that in
Selected Services was at a rate which was only a third of that for
the state as a whole.

Populatlonww1se, the valley has been relatively stable. The
trlbutary area showed a growth of 5.l percent in the decade 1950~
1960, This compares with a state growth of 6.1 percent and a New
England Regional growth of 12.8 percent for the same pericd. TIn the
river valley proper, the growth was slightly over 2 percent with most
of it concentrated in the area between Livermore Falls and tidewater.
This growth accouﬁted,for all the growth in the two counties involved;
in fact; overall, the pepulation of Oxford and Andfoscoggln Counties
has declined in the pasd 20 years.

-The future of the river va?ley'can be expected to follow past
trends. Paper maklngS the 7argest portion of the’ manufaeturlng sector
of the present economy of the basin will play an even larger role in '
the future. Anncunced expendltures for: en;erglng present plant and
constructing new plent in the valley'w111 exceed $60 million in 196l

The increasge in paper making is part of a stateww1de trend. With
86 percent of Maine's area in forest and an sbundance of water in most
parts of the state; the raw materlals for paper are readily avallable,
& study by the U, S, Forest Service forecasts the following increases
in the use of forest prbducts in Malneo '

Ttem ' 1962 Production 2000 Forecast Production
- {1,000 tons) ' (1,000 tons)

Wood Pulp 1626 3180

Paper & Paperboard B3 . 3570

G2



A constantly improving network of good roads is available to bring the
forest products to the plants. In addition, a good rail network also
furnishes such service. Two of the state's railroads, the Bangar and
Aroostook and the Maine Central, are adding a fleet of 368 cars which
are specilally designed for pulp wood. The Maine Central, which is
buying 200 of the cars, serves the entire Androscoggin wvalley in Maine.

The state's overall economic development over the project life
is expected to improve over the present time and to appreach the
National level. An overall growth factor of 1 percent annually in
the econcmy is projected. This represents a composite figure based
on the expected growth in Value of Manufacture Added, Retail Trade,
Selected Services, per capita income, and population.

For the Androscoggin River valley, the present state of development
compared to the state as a3 whole indicates an economic growth rate some-
what less than the state as a whole even though the valley's propsects
are good. Based on current trends, a composite growth rate of 0.75
percent annually in the overall economy is projected over the next 50
years with a leveling trend thereafter.

2. NEW HAMPSHIRE

The economy of the river valley in New Hampshire is almost wholly
geared to one paper products company in Berlin. The company's business
is stable and its supplies of raw materials ample. Becalse of the one
plant economy, little change in this portion of the valley seems likely
and little growth is expected,

c-3
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APPENDIX D
FLOOD LOSSES AND BENEFITS
1. DAMAGE SURVEYS

A detailed damage survey was made in the main flood area of the
Androscoggin River following the record.flood of March 1936. Later
surveys were conducted in 1952 and 1961 to obtain more detailed flood
damage information in the river basgin and to determine trends of
development in the watershed. ' The surveys consisted of door-to-door
interviews, and inspections of the various residential, commercial,
r&ral, and industrial properties in-the flooded areas.  Information
obtained included the extent of -areas flooded, -description of property,
the nature and amount of damages, depths of floeding, high water
references, and relaticnships between the March 1936 flood and other
flood stages., - ~ ‘ ‘ -

Damage estimates and depths of flooding were geﬁerally furnished
by property owners and tenants, but investigators prepared alternative
estimates when in their judgment, based on property examination,
estimates of owners or tenants were unrealistic or unreliable. The
investigation also made estimstes whén information was not available
from owners or tenants. Where several properties of similar typs were
subject to the same depth of flooding, sampling methods were used. , The
review surveys were concerned principally with changes in use of
previously surveyed properties, changes in business activities in the
larger industrial plants covered in the original surveys and properties
new in the flood area since the original surveys.

Sufficient data were obtained to derive loss estimates for (1)
the March 1936 flood stage, (2) a stage 3 feet higher, and (3) inter-
mediate stages where marked increases in damage occurred. The stage
at which damage begins, referenced to the March 1936 flood stage, was
also determined,

2. LOSS CLASSIFICATION

Flocd loss information was recorded by type of loss and location.
The types recorded include urban (residential, commercial and public),

industrial, highway, rural and utilities.

D-1



Primary losses were evaluated, including (1) physical losses,
such as damage to structures, machinery, equipment and stock and cost
of ¢leanup and repairs, and (2) non-physical losses such as unrecoverable
losses of business and wages, increased cost of operation, and the cost
of temporary facilities.

Physical losses and a large part of the related non-physical losses
were determined by direct inspection of flooded properties and evaluation
of the losses by el ther the property owners or field investigators or
both. The non-physical portions of the primary losses were often .difficult
to estimate on the basis of available information. When this difficulty
existed, the non~physical losses were estimated by utilizing determined
relationships between physical and non-physical losses for similar
properties in the survey and other areas.

No evaluation was made of intangible losses including items such as
possible loss of life, hazards to health, and detrimental effects on
national security.

3. EXPERIENCED LOSSES

Following the disastrous flood of 1936, a survey of damages was
made by field investigators of the Corps of Engineers. The survey dis-
closed that this fleood caused total experienced damages amounting to
$h,392,000, of which 96% was in Maine and four percent in New Hampshire.
About 4O percent of the experienced loss was to industrial properties.
Paper, pulp, and textile mills at Brunswick, Topsham, Lisbon Falls,
Lewiston, Livermore Fglls, Perun, and.Rumford, Maine, and at Berlin,

New Hampshire, which are major elements in the economy of the basin,
were seriously affected. Urban losses of about $850,000 were
experienced, with the major part of this loss being concentrated in
the residential and commercial sections of Lewiston, Auburn, and
Mexico, Maine., Highways in the basin sustailned damages in excess of
$700,000 and railroad damages amounted to $450,000, These .damages
included the loss of bridges which in some cases, have been rebuilt
at higher elevations, Public utility properties, principally hydroelectric
installations of the Central Maine Power Company, suffered damages
amounting to $190,000 with attendant plant shutdown for up to seven
weeks. Agricultural losses of $285,000 were experienced, with farms
in Iisben, Canton, Dixfield, Hanover and Bethel, Maine sustaining the
major portion of this loss,.



The flood of March 1953, the third highest at Rumford since 1892,
caused losses totalling $2,230,000 in the entire river basin. Flood.
damages were experienced throughout the entire length of the main river
from Berlin, New Hampshire to Brunswick, Maine, and along three of the
orincipal tributaries, the Dead River in New Hampshire and the Swift
and Little Androscoggin Rivers in Maine, Flood waters inundated a
great many roads causing highway damzges in excess of $150,000 and
preventing motor transportation throughout a major portion of the
basin for the greatest part of four days. Damages were sustained by
industrial properties along the main river of Rumford, Peru, Livermore
Falls, Lewiston, Auburn, Lisbon, Topsham, and Brunswick, Maine, and
on the Little Androscoggin River at Mechanic Falls. The dam of the
Pejepscot Paper Company at Lisbon Falls, Maine was breached. Replace-
ment costs were estimated at $100,000. The Dead River overflowed
streets in the business section of Berlin, New Hampshire, causing
damages to a number of stores. The Swift River overflowed the main
street of Mexico, Maine necessitating the evacuation of some 100
families and closing of the main commercial section of the town.
Several railroad washouts occurred along the Androscoggin River in
the Canton-Peru area, below Rumford; large areas of agricultural lands
were flooded between Gilbertville and Bethel, Maine, and stream banks
were eroded at numerous locations throughout the basin.

L. RECURRING LOSSES

Stage~damage and stage~discharge relationships were developed
to reflect the magnitude of recurring losses at varying stages of
flooding above and below the reference floods in the studied areas.
The recurring losses used in development of the stage-damage relation-
ships reflect economic and physical conditions in the areas at the
present time.

The recurring loss from a 1936 flood on the main stem of the
Androscoggin River from the Sawmill Dam in Berlin to below Brunswick
is estimated at $12,L57,000, Recurring losses by type are listed in
Table D-1,

Twenty industrial firms employing over 9,000 persons are located
along the river and would sustain substantial damage in the event of a
recurrence of the 1936 flood. The industrial activities of these plants
produce a diversified line of products including textiles at Lewiston,
boots and shoes at Auburn, pulp and paper at Rumford and pulp, paper,
and allied products in Berlin.



A summary of total recurring damages listed by damage centers is
shown in Table D-2. :

TABLE D=1 .

RECURRING LOSSES BY TYPE

1936 FLOOD

(198] Price Level)

Type Recurring Loss
Industrial $ 8,057,000
Urban _ 2,L442,000

(Commercial, Residential & Public) : '
Highway - ) 996,000
Railroad 336,000
Utilities 565,000
Rural {(includes agricultural) 61,000

512,HS7,000

TABLE D-2

RECURRING LOSSES IN DAMAGE AREAS

1936 FLOOD

(196 Price Level)
Area Recurring Loss
Brunswick - Topsham $ 2,951,000
Lewiston - Auburm 2,510,000
Livermore Falls 1,313,000
Rumford = Mexico 4,168,000
Shelburne, N.H. 219,000
Gorham - Berlin, N.H. 1,296,000




D, BT

5. ANNUAL LOSSES

Estimated recurring losses alohg the river were converted to *
average annual losses by correlating stage-damage, stage-discharge
and dlscharge frequency data to derlve damage frequency'relatlonshlps
in accordance with standard Corps of Englneers practlces. Plates
. D-1; D~2 and D~3 show the procedure used in converting recurrlng
stage~damage data to annual losses and benefits. Average annual

losses by major damage centers are listed in Table D-3.

TABLE B~37

PRESENT AVERAGE ANNUAL LOSSES

(196l Price Level)

Brunswick - Topsham, Me. $- 160,800
Lewiston ~ Auburn, Me. o 87,600
Livermore Falls,.Me° ' - . ';L ‘:" —_— ; _ 93,600_
© Rumford - Mexico, Me. =~ = : :‘-1 ) | 188,000‘
Shelburne, N.H. | 3sth
Gorham - Berlin, W.H. L D 13f9600
. , - o g “?ﬁﬁlﬁiiS,l

6. FUTURE ANWUAL LOSSES -

Flood losses in the Maine portion of the basin can be expected
to increase at least as fast as the overall economic growti rate for
the area. As discussed in Appendix C, Econcmic Development; the
overall economy in the basin is expected to grow at a rate of 0.75. -
percent amually for the next 50 years and then remain stable for
the following 50-year period. The total growth of 37.5 percent in
50 years was converted to an average amnual equivalent value over
the 100-year project life by compound interest methods using an
interest rate of 3- 1/8 p nt. The annual eguivalent value so
derived amounts to 18.6 5£§:ents Average annual losses adjusted
for the expected groﬁ%ﬁ amount to $750,000 at 196l price levels,

D-5



Te  BENEFITS

a. Tangible Flood Damage Prevention Benefits.

Construction of the Pontook project will reduce flood flows along
the entire length of the Androscoggin River from Berlin to tidewater
and provide substantial protection to presently flood prone properties.
In a recurrence of the record flood of 1936, under today's conditions,
the reservoir would prevent $3.5 million in losses,

Present average amnual flood damage prevention benefits have been .
derived as the difference in annual losses along the ri%ér‘under present
conditions and those that would remain after reduction in flood flows
by the reservoir. Average annual benefits so derived for the Pontook
project are $190,000. ' ‘

E. Future Benefits.

When the growth in the Maine portion of the basin over the next
50 years is considered, the benefits at the end of the 50-~year period
will have grown to $217,600. Taken as an éverage annual egquivalent
value over a l0O0-year project life, the benefits to growth amount to
$11;,000. Total benefits over the life of the project, adjusted for
growth, are therefore $20),000.

Co Redevelopment Benefits.

Pontook Dam is to be constructed in a portion of New Hampshire,
Coos County, which has been named a Redevelopment Area by the Area
Redevelopment Administration under Section 5b(é) of P, L. 87-27. The
gonstruction will put to work residents of the area who &re unemployed
or under-employed and the wages thereto are considered a benefit under
current policy. Division records for Civil Works construction over the
past 9 years indicate that for the type of construction invelved the
labor costs average 27% of total contract cost. Based on the present
estimated construction cost of Pontook, the total labor cost would be
$9,300,000, After discounting for the number of people who will be
hired locally (70%) and for the number s0 hired who will be unemployed
or under-employed (75%), a tobtal labor benefit of $5,000,000 is
creditable to the project. As this is to be dispersed over a six-year
period, the expenditures for years 2 through 6 are discounted by present
worth factors at 3-1/8% interest rate. The discounted value of the
benefit is $L,500,000, Amortized over the 100~year project life, the
annual benefit amounts to $1L7,L400, rounded to $148,000,

D=6



d. Intangible Benefits.

In addition to tangible benefits resulting from project construction,
important intangible benefits will be realized. Among these are prevention
of possible loss of life, prevention of disease caused by flooding of
polluted water, and the stabilizing effect on community life in the valley
by the reduction in the flood threat.
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PERTINENT DATA

PONTOOK DAM & RESERVOIR

ANDROSCOGGIN RIVER BASIN

MAIN DAM

Drainage Area, sq. mi,

Elevations, mean sea level datum

Top of dam

Full flood control pool
Full power pool

Min., power pool
Strearmbed at dam
Average tailwater

Reservoir Areas

Full flood control pool
Full power pool
Min, power pool

Reservoir Storage, acre-feet

Flood control
Useable power
Dead

Critical flow period

Maximum gross head, feet

Average net head, feet

Net head during critical low flow period, feet
Minimum net head, feet

‘1, 215 gross‘
170 net below
Errol Dam
1239
1220
1212
1182
1124
‘1118
acres sq. mi,
7,470 11,7
6, 500 10,2
2,950 4,6
58,000
141, 000
39,000
7/40 - 6/42
94
82
82

62



Flows, c.f.s.

Minimum dependable .
Useable dependablé
Max,. discharge at rated capacity

Power Production

Installed capacity, kw

Average annual energy, kwh
Minimum December energy, kwh
Capacity factor, average annual

Minimum December load factor

Embankments

Length - feet
Volume - cu. yds.

Spillway Crest

Elevation, msl
Length, feet

Flood Control Gates

Number
Size, each - feet

Penstock

Number
Diameter - feet

Penstock Intake Gates

Number
Size, each - feet

E-ij

1,675
1,572
23, 000

135,000
107,000, 000
5,301,000
5.38%

Dam Dike

2,000 1,120
1,200,000 100, 000

1220
485

13 x 30



Road Relocation - miles

Road Raised to Higher Level - miles

Recreational Development

Main reservoir shoreline - miles
Estimated annual visitation, initial
" " " , ultimate

REREGULATING DAM

Installed capacity, kw

Average annual energy, kwh

Top of dam elev,, msl

Maximum height, feet

Spillway crest elev. - msl

Total capacity ~ acre feet

Useable capacity - ac, ft. {pondage)
Useable dependable flow, cfs

REAL ESTATE REQUIREMENTS

Main dam and reservoir, land - acres.
Recreation, land ~ acres

Fish and wildlife, land - acres
Reregulating dam, land - acres

Main dam, improvements - units
Reregulating dam, improvements ~ units

E-iii

35
110,000
404, 000

3, 000
18, 000, 000
1141

57

1118

9, 300
4,100
1,637

10,000
3,400
8,800

800
57
16



APPENDIX E

PONTOOK PROJECT

1, MAIN BAM AND RESERVOIR

a, Description.

~ {1) Dam, The dam site is located on the Androscoggin River in
the town of Dummer, New Hampshire. The dam, with a top elevation of
¥, 239 feet above mean sea level, will be of rock-fill construction, approxi-
mately 2,000 feet long and a maximum height of 115 feet above the river
bed. A side-channel spillway with an ogee weir 485 feet long at eleva-
tion 1, 220 will be constructed in the east abutment, The flood control
regulating structure will be located at the junction of the dam embank-
ment and the spillway and will be provided-with five 10' x 10' gates with
sill at elevation 1,182, An intake structure containing six 13' x 30' and
one 63' x 32' gates will be located at the upstream toe of the dam. Two
32' diameter steel-lined, concrete penstocks will lead from the intake
structure to the powerhouse at the downstream toe of the dam, and one 7'
x 6' concrete conduit for sluicing logs will be provided as the outlet for
the smaller gate. A rock-{ill dike, with a top elevation of 1, 239, approxi-
mately 1,120 feet long and a maximum height of 39 feet will be constructed
to close a saddle adjacent to the east abutment of the dam. A general plan
of the dam and dike is shown on Plate 3 of the main report.:

{(2) Reservoir, The reservoir at spillway crest elevation of
1,220 will be about 16 miles long, have a surface area of 7,470 acres,
and a gross capacity of 238,000 acre-feet. The lake, created by the
maximum power pool at elevation 1,212, will have an area of 6,500
acres and extend up the river about 15 miles, The reservoir will contain
a storage capacity of 58,000 acre-feet for flood control purposes between
elevation 1,220 and 1, 212, and 141,000 acre-feet for joint power, flood
control, and recreation purposes between elevation 1,212 and 1, 182,
The storage reserved solely for flood control is equivalent to 6.4 inches
of runoff from the net drainage area of 170 square miles - the drainage
area between Errol Dam and the project site, With a power pool eleva-
tion of 1,212 in the reservoir and a tailwater elevation of 1,118 at the
powerhouse a total gross head of 94 feet will be developed. Two 67, 500
kilowatt generating units - a total of 135,000 kilowatts -~ will be installed.
in the powerhouse. The plant will produce 107,000, 000 kilowatt-hours
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annually at an average annual capacity factor of 9. 05 percent, The study
of hydroelectric power for this project is included in Appendix F.

b. Recreation, Land and water areas in.and adjacent to the reser-
voir will be allocated to recreational activities and fish and wildlife con-
servation, Initial facilities contemplated include swimming, picnicking,
camping, boating, hunting, fishing, and other water-oriented uses. A
total of 12, 200 acres of land will be acquired specifically for general
recreation and for fish and wildlife mitigation purposes. A report pre-
pared by the U. S. Fish and Wildlife Service, detailing the need for and
the requirements for fish and wildlife mitigation measures, is included
in Appendix H to this report., General recreation is discussed in Appen-
dix G. "

2, REREGULA TING DAM AND POOL

a. Description,

(1) Dam, The damsite is located about 3,5 miles downstream
from the main dam on.the Androscoggin River in the town of Milan, New
Hampshire. The dam will be of rolled earth-fill, approximately 2,500
feet long, have a maximum height of 57 feet above the river bed, and a
top elevation of 1,141, A fixed crest spillway, 155 feet long at elevation
1,118, and gated outlet works with: a powerhouse on the downstream face
of the structure will be constructed in the west abutment of the dam.
Flows through the horizontal Kaplan turbine in the powerhouse will be
controlled by-a 22' x 15' gate. A 15' x 7' gate'is provided for sluicing
logs, trash, and ice through the dam, Two 9' x 4' gates will regulate
discharges from the pool when the power station is not operating. A
general plan of the reregulating dam is shown on Plate 4 of the main
report,

(2) Pool. The pool at spillway crest elevation 1, 118 will
extend up the river to the main dam, have a surface area of 690 acres,
and a gross capacity of 9,300 acre-feet., A storage capacity of 4,100
acre-feet will be utilized for reregulating and power purposes between
elevation 1,118 and 1,112, To meet the uniform flow requirements
established for the upper.Androscoggin River by interests having rip-
arian rights along the waterway, facilities will be provided in the dam
to regulate the flow from the pool to a minimum release of 1, 637 cubic
feet per second with a drawdown of 6 feet from elevation 1,118, with
discharge through the powerhouse or the gates in the outlet works.
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Gate discharges will be adjusted as required for the sluicing of logs,

ice, or debris through the 15' x 7' gate in the outlet works. For the
generation of hydroelectric power, a gross head of 18 feet will be developed
between pool elevation 1, 118 and tailwater elevation of 1,100 at the power -
house. Generating facilities for 3, 000 kilowatts, in a single horizontal

unit producing an average of 18, 000, 000 kilowatt-hours annually at a
capacity factor of 68,5 percent, will be installed in the power house,

b, Recreation. No improvements for the development of recrea-
tional facilities will be provided for the pool or shore area in the re-
regulating reservoir since the surface of the pool will fluctuate from the
sudden release of turbine discharges from the main dam powerhouse, A
100-foot strip of land on each bank of the Androscoggin River from the re-
regulating dam downstream to the vicinity of the Berlin Municipal Airport
(approximately 5 miles) will be needed to provide public access to the
river for sports fishery., About 100 acres of land will be involved.

3. GEOLOGY AND SOILS

a. Geology of the Area.

(1) Main Dam and Dike. The site of the main Pontook dam is
approximately one mile downstream from an existing timber crib logging
dam, an area in which private interests investigated other dam alignments
in some detail in 1929, .and in 1946 through 1949, The latter investigations
were made for hydroelectric power developments utilizing the saddle be-
tween Holt and Veezey Hills for a canal leading to the penstocks and power-
house located about two miles downstream. In 1953, the New England
Division, in studies for the New England -New York Inter-Agency Com-
mittee report, investigated this area for power development and made two
test borings to check foundation conditions. In 1964, the Public Service
Company of New Hampshire applied to the Federal Power Commission
for a preliminary permit to restudy the site.

The course of the river through the damsite is post-glacial,
flowing on a pavement of boulders derived from erosion of thick glacial
till deposits. The main abutments are formed by the till slopes of
Bickford Hill on the right or west bank and Holt Hill on the left or east
bank of the river. The left bank is formed by the face of a sand terrace
which extends for a width about 200 feet to its contact with the till slope.
Bedrockis exposed high on Bickford Hill and in the high saddle to be
diked east of Holt Hill, It is not exposed at low elevations in this
stretch of river except at a location about one mile downstream where
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the rock surface has been uncovered by deep erosion in the rlght bank
which deflects the river abruptly eastward,

(2) Reregulating Dam. The site is located approximately 3.5
miles downstream from the main dam, The right abutment is a rock-
controlled slope with outcropping above height of the dam. The main
portion of the embankment will be constructed on the wide flood plain
of the Androscoggin River with a far left abutment tie to sandy terrace
deposits.

b. Geological Investigations.,

(1} Main Dam and Dike. Geological reconnaissance was first
made of the selected damsite in October of 1961 and was the basis for
distribution of preliminary subsurface explorations shown in layout and
recorded on Plate E-1. None of the topographic mapping nor subsurface
explorations made for prior investigations in this stretch of river are
applicable to this site, .The topography used was taken from U, 5.
Geological Quadrangle for Milan, New Hampshire adjusted to a surveyed
profile. within the damsite limits,

The dike is located in a high saddle between Holt and Veezy
Hills previously considered for a spillway location, Two borings (FD-4
and FD-5) were made for this purpose. These explorations and applic-
able others previously made by private interests in the saddle vicinity
are shown on plan and recorded on Plate E-2,

{2} Reregulating Dam. A profile was surveyed on the dam
alignment and three test borings were made with concentration of
borings near the river section and right bank where structures are
proposed. The general location of these explorations and their records
in relation to the surveyed profile are shown on Plate E-2,

¢. Foundation Conditions.

(1) Main Dam, Dense, impermeable glacial till is available
at nominal depths for cut-off under the embankment, The subsurface
conditions shown in geologic section on Plate E-1 are believed general-
ly applicable throughout the damsite limits, The relatively pervious
strata encountered at depth within the till and yielding to produce
artesian flows in two of the borings probably do not have any great
continuity, However, preliminary embankment design provides for a
system of relief wells at the downstream toe of the embankment,
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Bedrock does not outcrop in the damsite area, but from a
deep preglacial channel under the right abutment the rock surface rises
with the left abutment to within about 20 feet of ground surface at height
of dam. Power and spillway structures will be located on or in rock on
the left abutment. The bedrock cores, although schistose in structure,
are generally fine~grained and relatively massive. No loss of drill
water occurred in coring operations and recoveries were generally in
the 90-100 percent range with sections of core recovered in lengths up
to 5 feet. The dip of schist foliation. is 50 to 60 degrees and strike as
observed in ouicrops remote from the damsite is indicated to be north-
easterly about 70 degrees. This orientation of rock structure at about a
right angle to the river, coupled with an apparent sound and massive condi-
tion, indicates at this stage of investigation no major problems of seepage
control, foundation bearing, :or structure excavations,

{2) Dike., The saddle dike (39 feet in height) is located about a
mile remote from the left or east abutment of the dam. As shown in pro-
file on Plate E-2, relatively impervious materials of a till-like nature
are expected to occur at accessible depths for cut-off to control seepages
through the foundation,

(3) Reregulating Dam. Foundation conditions are depicted in
log-profile on Plate E-2, Although preliminary explorations have been
concentrated at structure locations near the river section and right abut-
ments, the overburden, consisting of loose interbedded outwash sediments,
is expected to persist throughbut the low embankment section. Structures
have been fitted to a steeply dipping rock surface as developed from
borings on the center-line which, for purpose of this report, is assumed
to apply throughout. The rock is basically a quartz-mica schist which,
from recovered cores, appears to present no problems as to foundations
or excavations,

d. Construction Materials, Impervious materials in the form of
glacial till and overlying materials of a random nature will be available
from required excavations and from borrow areas as necessary which
can be established conveniently near embankment locations, Pervious
materials in the form of sands and gravelly sands occur in abundance
in terraces which have been worked on the left bank of the river about
4 miles downstream from the damsite. About 4 miles upstream from
the damsite, and bordering the reservoir, there are two large deposi-
tional projections into the west side of the valley consisting of gravelly
sands with gravel strata, one of which has been worked for road con-
struction. However, since gravelly materials are relatively scarce
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in this region, it is expected that these latter deposits would be largely
worked out for the reconstruction of State Highway Route No., 16 considered
in this report., Other potential undeveloped sources of sands:and gravels
occur in and along the Ammonoosuc River in West Milan and vicinity at a
haul distance of 5 to 10 miles. Requirements for gravel bedding and aggre-
gates for concrete may be met from commercial sources. The nearest
source is operating in terrace deposits at Gorham, New Hampshire
located down river at a haul distance of about 16 miles. Materials from
this source have previously been tested and approved for use in concrete

at other planned civil werks projects in nertheastern Vermont and northw
western New Hampshire., However, the estimated overall concrete guan-
tity of about 150, 000._cubic yards requires consideration of near site pro-
duction, Fine aggregates would be available from extensive deposits of
gravelly sands in terrace remnants located about 4 miles downstream from
the main dam., Production of suitable coarse aggregates may require
quarrying in igneous or volcanic rocks that occur within 4 miles of the
main dam, '

Materials for rock slope protection and rock-~fills will be
provided from required rock excavations. The rock is structurally a
schist but its relatively massive, fine-grained quartzitic nature should
provide fragmentation and durability very suitable for slope protection,

4. REAL ESTATE

a. Character, Land in the project area includes woodland, very
little farmland, swamp areas, and a mowed field utilized as an emergency
landing field, The project area also includes a privately-owned, single
lane, steel girder bridge, a breached wood crib dam, seasonal homes,
camps and cottages, several small dwellings, one overnight cabin estab-
lishment, one large lodge, and a gas station.

b. Taking. A plan of the guide taking lines established for the
project are shown on Plate 2 of the main report with use of land as
follows:

(1) Main Dam and Reservoir, About 10,000 acres of land will
be acquired for the full flood control pool at spillway crest elevation
1,220 plus a 300~foot strip along the shore of the pool, the damsite and
work areas, and the relocation of Route 16, An additional 3, 400 acres,
as shown on the plan, will be acquired for recreation purposes and for
the granting of easement rights to logging interests for access to the
river, To compensate for loss of winter deer yards and damage to
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fisheries, waterfowl, and fur-bearers, a total of 8,700 acres will be
acquired in stream and swamp areas adjacent to the reservoir but out-
sideof the flood pool and along Chickwolnepy Stream.

(2} Reregulating Dam and Pool. Approximately 800 acres will
be acquired for the pool area at elevation 1, 121 {spillway crest plus 3
feet), the damsite, and appurtenant structures, including the relocation
of a secondary road on the east bank of the river., An additional 100
acres will be acquired along the banks of the river for sports fishery
access including land for two vehicle parking areas. The strips will be
100 feet wide and extend from the reregulating dam to the vicinity of the
Berlin Municipal Airport. '

c. Mineral Rights, A current field inspection revealed that no
mining of rninerals is apparent in the required areas.

d. Water Rights, The Brown Company, the Union Water Company,
and the Public Service Company of New Hampshire own water rights in
the project area for storage of water for downstream power production
and process water. An estimated $10, 000 is included for water rights
and the breached dam in the reservoir area.

e. Gravel Pit. There is one commercially operated gravel pit
within the reservoir area off Route 16 in the town of Dummer,

f. Severance Damage. The land to be acquired in fee in the main
dam project area will remove all of the small ownerships, leaving only
the three large timber land ownerships, Brown Company, Pingree, and
Coe. BSeverance damage for this area is estimated to be nominal., For
the reregulating dam area, the severance damage is estimated to be
$7, 000,

g. Resettlement,

{1} Main Dam. There will be approximately 60 units eligible
for resettlement at an estimated $675 each, for a total resettlement
cost of $40, 000,

(2} Reregulating Dam, Three units at $1,075 and 13 uvnits at
$675 are eligible for resettlement for a total cost estimated at $12, 000,




h., Valuation, The valuations of property are based on the Market

Data approach, and on a study of recent sales,
(1Y Main Dam,.

(a) Improvements,

3 Residences (including outbuildings)
48 Summer Cottages and Camps

1l Farm (including outbuildings)

3 Commercial

1 Boat House

1 Barn

7 Improvements - Total Estimated Cost

{b) Land.

Improved lots 100 acres @ $700
Gravel pits 10 acres @ 200
Emergency landing

field 10 acres @ 120
Tillage 200 acres @ 50
Woodland 17,880 acres @ 60
Swamp 3,000acres @ 10
Roads and River 1,000 acres @ 0
Total Esti- 22,200 acres

mated Cost

(2) Reregulating Dam.,

(2) Improvements.

12 Residences
4 Farms
16 Improvements - Total Estimated Cost

(b) Land,
Improved lots 20 acres @ $1, 250
Tillage and pasture 500 acres @. B0
Woodland 150 acres @ 60
River 130 acres @ 0
Total Esti- 800 acres

mated Cost
E-8

$ 21,000
93, 000
5, 000
34,000
300

700
$154, 000

$ 70,000
2,000

1,200
10, 000
1,072,800
30, 000

$1,186,000

$ 50,000
30, 000
$ 80,000

$ 25,000
25, 000
9, 000

$ 59,000



ject.

and administrative overhead.

i, Acquisition Costs,

It is estimated that there will be 75 tracts for
the main dam and 25 tracts for the reregulating dam involved in the pro-
Experience in other reservoir areas has indicated that adminis-
trative costs of acquisition average $1, 000 per tract including mapping,
survey, title evidence, appraisal, negotiation, closing, condemnation,

the main dam and $25, 000 for the reregulating dam,

j. Summary of Real Estate Costs.

of real estate for the Pontook project is given in Table E-1,
are estimated at 20. percent,

TABLE E-1

SUMMARY OF REAL ESTATE COSTS

Joint
Use Power(l)
Land $536 $59
Improvements 154 80
Water rights 10 0
Severance 0 7
Resettlement 40 12
Contingencies 220 32
Sub Total 960 130
Acquisition 75 25
Totals 1,035 215

Contingencies
Thousand Dollars
Fish and

Wildlife(2) Recreation Total
$480 $170 $1, 245
0 0 234

0 0 10

0 0 7

0 0 52

70 30 352
550 200 1,900
0 0 100
550 200 2,000

Total costs are estimated at $75, 000 for

A summary of the estimated costs

{1) Specific costs for reregulating dam.,
{2} Specific costs for mitigation of fish and wildlife losses.

k. Salvage Value,

Due to uncertainties on resale value and costs of

disposition in the future, no salvage value was assigned to project lands
at the end of the economic life of the project.



5. RELOCATIONS

a. Cemeteries. There are no cemeteries within the project land-
taking limits. '

b. Roads. Route 16 and secondary roads that would be affected and.
the proposed relocations are indicated on Plates 2 and 3 in the main re-
port. Approximately 133 miles of Route 16 northerly from the main dam
would be relocated and about 23 miles would be raised. An access road
would be provided between relocated Route 16 and an existing, privately-
owneq, single-lane, steel girder bridge that spans the Androscoggin River,
The bridge, requiring reconstruction to above full flood pool elevation, is
utilized for logging purposes. About 3 miles of a secondary road located
on the east bank of the river will be relocated outside of the reregulating
dam and pool area, The cost of relocated Route 16 is based on a paved
width of 24 feet with 5-foot shoulders,

c. Utilities, Utilities requiring relocation consist of electric ser-
vice and telephone lines along existing roads to be relocated and a 115 kv
transmission line within the limits of the full flood pool area.

6. COST ESTIMATE

a, Basisof Estimate., Topographic maps of the U, S. Geological
Survey and U, S. Army Map Service were supplemented by a field survey
of the centerline profile of the dam and dike areas. Foundation condi-
tions were determined by borings and field reconnaissance. Quantities
of the principal construction items were estimated on the basis of pre-
liminary design plans which would provide safe structures for the given
conditions and hydraulic criteria. The estimate on clearing is based on
complete clearing within the maximum power pool, for structures, and
for access, A four-year construction period was assumed for purposes
of determining the Federal investment.

b. Unit Prices. Unit prices are based on average bid prices for
similar work in the same region, adjusted to 1964 price levels. Costs
of electrical, mechanical, and hydraulic equipment was obtained from
published prices and consultations with manufacturers.

c. Contingencies, Engineering, and Overhead. To cover contin-
gencies, construction and relocation costs have been increased by 20
percent. The cost of engineering and design has been based on know-
ledge of the site and experience on similar projects. The cost of
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supervision and administration has been taken as 8 percent of construc-
tion costs.

d. Annual Charges., Annual charges are based on an annual in-
terest rate of 3-1/8 percent with the cost of the project amortized over
an estimated 100-year useful economic life, An allowance is made for
maintenance, operation, and major replacement costs and for tax loss
on lands transferred to Federal ownership, The cost for replacement
of items estimated to have a life less than the life of the project is in-
"cluded in_the item '"Major Replacements'’,

e. Cost Estimate. A breakdown of costs of property and damages
is given in paragraph 4 of this appendix and is summarized in Table E-1,
A breakdown of the major construction items, together with their esti-
mated cost, is given in Table E-2, Allocations of costs among project
purposes are shown in Table E-3., Table E-4 illustrates the cost sharing
for recreation under H. R. 9032 and under previous Corps policy.

TABLE E-2

FIRST COST - PONTOOK PROJECT
(1964 Price Level)

1. LANDS & DAMAGES (Itemized in Table E-1)

Liands $ 1,245,000
Improvements 234,000
Water rights 10,000
Severance 7,000
Resettlement ‘ - 52,000
Contingencies 352,000

$ 1,900,000
Acquisition 100,000

TOTAL - LANDS & DAMAGES $ 2,000,000
2. RELOCATIONS '

a. Roads
Relocation of Route 16 $ 2,850,000
Raise portions of existing Route 16 ' 360, 000
Contingencies 640, 000
TOTAL - Roads $ 3,850,000



2.

3.

TABLE E-2 {cont'd. )

RELOCATIONS (continued)

b. Utilities & Structures

Relocation of 115 KV transmission line

and utility lines $ 130,000
Relocation of Brown Co. logging bridge 470,000
Contingencies 120,000

TOTAIL -~ Utilities & Structures $ 720,000

Sub-total {a & b) $4,570,000

Engineering & Design 290, 000

Supervision & Administration 360,000

TOTAL - RELOCATIONS $5,220,000
RESERVOIR CLEARING
6,000 ac. @ $375 $2,250,000
Contingencies 450, 000
$2,700,000
Engineering & Design 170,000
Supervision & Administration 210,000
TOTAL - RESERVOIR CLEARING $3, 080,000
Estimated Unit Estimated
DAM Quantity Unit Price Amount
Site preparation 87 ac. 1,000 $ 87,000
Stream control 1 Job 1.5, 400, 000
Earth exc, (commion) 1,200,000 c.v. 0. 50 600, 000
Compacted gravel
fill (borrow) 281,000 c. 2. 20 618,200
Gravel bedding (borrow) S 3,000 e, 3. 40 10, 200
Embankment, rolled 750,000 c. 0, 20 150,000
Rock exc, (open cut) 780,000 Co 2. 25 1,755,000
Rock placing _
Rock fill 640, 000 c. 0.25 160,000
Rock filter {process '
and place) 70,000 C, 3,00 210,000
Rock slope protection 4,000 c. 0. 60 2,400
Concrete, mass. 3, 600 c 37.00 133,200
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TABLE E-2 {cont'd.)

Estimated . B - Unit Estimated
4, DAM (continued) Quantity Unit Price Amount
Concrete, reinf, 47,000 C. V. 65. 00 $3, 055,000
Power intake . |
Superstructure 116,000 c.f, 0.75 87,000
Trash racks 1 Job 1.3, 350, 000
Gates & hoists 1 Job L.5. 1,032,000
125-ton crane 1 Job L. S. 100, 000
Log sluice intake :
Superstructure 15,000 c,f 0.75 11,250
Gate & hoist 1 Job L.S 72,000
Log driving facilities 1 Job I.. S, 75,000
Flood control outlet
Superstructure 17,000 c.f, 0,75 12,750
Gates & hoists 1 Job L.S. 230, 000
45-ton crane , 1 Job 1.5, 25,000
Penstock - steel liner 1 Job L.Ss. 1,343,000
Line drilling 1 Job .S, 11,000
Access roads & bridge 1 Job 1. S, 110,000
Relief wells 1 Job L. S. 145, 000
Contingencies 2,160,000
, $12, 945,000
Engineering & Design ' 823, 000
Supervision & Administration 1,022,000
TOTAL - DAM COST 14,790,000
5. FISH AND WILDLIFE FACILITIES
Parking areas 66,000
Deer yards : 50, 000
Wildlife impoundment 49, 000
165,000
Engineering & Design 40,000
Supervision & Administration 45,000
TCTAL - FISH & WILDLIFE FACILITIES 250,000

(Exclusive of lands - see Table E-1 included

in item 1 of this table)




'6.

TABLE E-2 (cont'd. )

‘Estimated
POWER PLANT Quantity Unit
a. Main Dam Power Plant : ;
{1} Powerhouse
Earth exc. {common) 1,150,000 C. Ve
Rock exc, (open cut) 136,000 c. V.
Rock slope protection 25,000 C. V.
Gravel bedding 18, 000 C. V.
Compacted gravel backfill 36,000 c.v.
Reinf, concrete 8, 600 c.v.
Mass conc. substructure 70,000 c.V.
Superstructure 1,440,000 c, f.
Scroll cases ‘ 2 each
Contingencies
Engineering & Design
Supervision & Administration
TOTAIL - Powerhouse
(2) Turbines & Generators
Turbines ‘ 2 each
Generators, 67,500 KVA 2 each
Installation 1 Job .

Step-up transformers and.
associated switchgear
Contingencies

Engineering & Design
Supervision & Administration
TOTAL -~ Turbines and Generators

(3) Tailrace, Accessories & Misc. Equipment

Earth exc. {common) 742,000 C. V.
Rock slope protection 47,000 . c, Ve
Gravel bedding 37,000 Ce Ve
Powerhouse crane , 2 each
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Unit Estimated
Price Amount

0.50 $ 575,000
2.25 306,000
0. 60 15,000
3.40 61,200
2, 20 79, 200
65, 00 559, 000
47, 00 3,290,000
0.75 1,080,000
303, 000 606, 000
1,318,600
$ 7,890,000
500, 000
620, 000
$ 9,010,000
2,520,000 $ 5,040,000
1, 460,000 2,920,000
' L.S. 1,314,000
800, 000
, 826,000
$10, 900, 000
190, 000
250,000
$11, 340, 000
0.50 $ 371, 000
0,60 28, 200
3,40 125, 800
170, 000 340, 000



6.

TABLE E-2 (cont'd.)

POWER PLANT (cont'd.) Quantity

Estimated

Draft tube gates

Draft tube gantry crane
Chain link fence

Misc., elec. equip.,-
Misc. power plant equip.
Contingencies

Engineering & Design
Supervision & Administration

Estimated , Unit
Unit Price Arount

4 each 280,000 $1, 120, 000
1 Job 1.5, 350,000
1 Job L.S. 68,000
1 Job L. S, 405, 000
1 Job L.S. 311,000
621, 000

§3, 740, 600

237,000

293,000

$4, 270, 000

TOTAL - Tailrace, Accessories & Misc, Equip. Cost

TOTAL - Main Dam Power Plant (Item 6a)

b. Reregulating Dam & Power Plant

(1) Dam and Powerhouse

Reservoir clearing o 70
Site preparation : 14
Stream control 1
Earth exc. common 160, 000
Impervious borrow 280, 000
Gravel bedding (borrow) 70,000
Rock excavation o 76,000
Embankment, relled 320, 000 -
Rock placing 90, 000
Concrete, mass 19,800
Concrete, reinf. 4,100
Powerhouse superstructure 98,000
Line drilling ‘ . 3,000
Road relocation 1
Utilities relocation 1
Contingencies

Engineering & Design
Supervision & Administration
TOTAL - Dam and Powerhouse
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acre
acre
Job
c. V.
C. V.
Ceo Ve
C. V.
C.V.
C. V.
Co Vo
c. V.
c. i,
s. 1,
Job’
Job

© 500
1,000
L.S.
0,50
0. 40

2. 20

2,25
0. 20
0. 60
47,00
65.00
1.00
4,00
L.S.
L.S.

$24, 620, 000

$ 35,000
14, 000

70, 000

80, 000
112,000
154, 000
171,000
64,000
54,000
930, 600
266, 500
98, 000
12,000
530, 000
12,000
516,900
$3,120, 000
200, 000
250, 000
$3,570, 000



TABLE E-2 {cont'd.)

Estimated _ Unit Estimated
6. POWER PLANT (cont'd, ) Quantity Unit Price Amount

(2) Turbine and Generator

Turbine and generator 1 job L.S.. $ 660,000
Contingencies 65, 000
$ 725,000

Engineering and Design _ ' 25,000
Supervision & Administration 30, 000
TOTAL - Turbine and Generator $ 780,000

(3) Accessories & Misc, Equip.

Outlet gates 2 .each 30,000 $ 60,000
Sluice gate 1 each 95,000 95,000
Powerhouse crane I job L.S. 33,000
Powerhouse elevator 1 job L.S. 25,000
Trash racks 1 job L. S. ' 9,000
Head gates - . , 2 each 50,000 100, 000
Draft tube stoplogs Cy 1 job ! L. S. 13,000
Log boom _ 1 Job, L. 5. 20,000
Contingencies . ' ' 75,000
$ 430,000

Engineering and Design S 28, 000
Supervision & Administration 32,000
TOTAL - Accessories & Misc. Equip. $ . 490,000
Total - Reregulating Dam & Power Plant (Item 6b) $4, 840, 000
TOTAL ~ POWER PLANT (Items 6a & 6b) $29, 460, 000

7. RECREATION FACILITIES - Initial Development
(For détails, see Appendix G) '

Day use - park area ' $ 414,750
Camping area 119,000
Boat launching & marina area 37,000
Administration & maintenance area 53, 000
Water supply 71,000
Miscellaneous - Trails, landscaping, etc, 14,750
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TABLE E-2 {cont'd,)

Estimated Unit Estimated

7. RECREATION FACILITIES Quantity Unit Price Armount
(cont'd.) o
Contingencies , $ 140,500
$ 850,000
Engineering & Design 80,000
Supervision & Administration 70,000
TOTAL - RECREATION FACILITIES $1,000, 000

8. BUILDINGS, GROUNDS & UTILITIES

11¢, 000

: 1 Job L.S. %

Contingencies . 20,000
$ 130,000
Engineering & Design 10,000
Supervision & Administration 10,000
TOTAL - BUILDINGS, GROUNDS & UTILITIES $ 150,000

9. PERMANENT OPERATING EQUIPMENT
1 Job L.8. $ 29,000
Contingencies , 6, 000
$ 35,000
Engineering & Design 7,000
Supervision & Administration 8,000
TOTAL - PERMANENT OPERATING EQUIPMENT $ 50,000
TOTAL PROJECT FIRST COST $56, 000, 000

NOTE: This estimate does not include preauthorization study costs
of $50, 000
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MULTIPLE-PURFOSE PROJECT

TABLE E-3
PONTQOK PRCJECT
ANNUAL CHEARGES ALLOCATION

{in 1,000 at 1964 Price Level)

ALTERNATIVE DUAL
PURPOSE PROJECTS

ALTERNATIVE SINGLE
PURFPOSE PROIECTS

SPECIFIC COSTS Joint TOTAL
F.C. Power Rec. Use Power F.C. F.C. F.C. Power  Rec,
Caost Rec. Rec. Power )
CONSTRUCTION PERIOD (Years) @ IS 2 4) 3] @) 3]
INVESTMENT & ANNUAL CHARGES
Construction Expenditure 0 37,700 1,200 17,100 56,000 5%, 600 19,000 54,800 7,100 50,400 17,900
interest during construction(3-1!B‘anx§'x‘{rs) ] 2,356 75 1,069 3,500 3,22% 594 3,425 222 3,150 559
Present worth of future additions for rec, 0 ¢ 405 0 405 405 405 0 0 0 405
Investment 0 40,0656 1,680 18,169 59,905 55,230 19,999 58,225 7,322 53,550 18,864
Annual Charges
Interest (3-1/8%) 0 1,252 52 568 1,872 1,726 625 1,820 229 1,673 590
Amortization (0. 00151} 0 60 3 27 40 g3 30 88 11 81 28
Operation & Maintenance 5 283 20 25 333 328 45 308 20 307 44
Major Replacements o 43 32 18 93 87 44 61 2 56 41
Loss of Taxes on Land 0 0 5 33 38 37 36 33 7 32 35
TOTAL ANNUAL CHARGES 5 1,638 112 671 2,426 2, 261 780 Z,310 274 2,149 738
ALLOCATION OF ANNUAL CHARGES F,C, Power Rec. TOTAL
Benefits 204 3,594 289 4,087
Alternative Project 279 2,149 738 3,166
Benefits Limited by Alt, Cost 204 2,149 289 2,642
Separable Cest 165 1,646 116 1,927
Remaining Benefits 39 503 173 715
Allocation of Joint Use Costs 27 351 121 469G
TOTAL ALLOCATION. ECONOMIC 192 1,997 237 2,426
ALLOCATICN OF LOSS OF TAXES ON LAND
Separable Costs 1 2 5 8
Allocation of Joint Use Costs e 2l 7 30
Total Allocations 3 23 12 38
ALLOCATION OF O & M
Separable Costs 5 288 25 L 3ls
Allocated Joint Costs 1 10 4 15 With ARA benefits of $148.000
Total Allocation b 298 29 323 4,235
BIC = 7 =1.75
ALLCCATION OF MAJOR REPLACEMENTS
Separable Costs 49 32 87
Allocation Joint Costs a 4 2 3
Total Allocation [ 53 34 93
ALLOCATION OF INVESTMENT
Annual Investrment 177 1,623 162 1,962
Ratio of Annual Investment 9,021 82,722 8, 257 100, 000
Allocated Investment 5, 404 49,555 4, 946 59,905
ALLOCATION OF CONSTRUCTION EXPENDITURES
Specific [nvestment 0 40,056 1, 680 41,736
Investrment in Joint Use Facilities 5, 404 9,499 3,266 18,169
Intercst during Construction 318 559 i92 1,069
Const, Exp, in Joint Use Facilities 5,08¢& 8,940 3,074 17,100
Percent Gonst, Expend. in Joint
Use Facilities 29, 743 52.281 17.976 100. 000
Const, Exp. in Specific Facilities 0 37,700 1,200 38,900
TOTAL CONSTRUCTION EXPENDITURE 5,086 46, 640 4,274 56,000
'
BENEFIT:COST RATIO 1. 06 L. 80 1,22 1.68




TABLE E-4

PONTOOK DAM AND RESERVOIR
COST-SHARING FOR RECREATION
(Including Fish and Wildlife Enhancement)

1, PBasic Data _
(From cost allocation study)

a. Total costs . $56, 000, 000
b, Total specific costs 38,900, 000
c. Total joint-use costs 17,100,000
d. Costs allocated to recreation 4,274, 000
e. Separable costs, recreation - 1,200,000
f. Joint costs, recreation (d-e) o 3,074, 000
g. Specific costs, recreation 1, 200,000
h. Other costs, recreation (e-g) 0

2, Cost-Sharing Under HR 9032
a. Federal . ' |
(1) Specific costs (1g) : ‘ I, 200,000

(2) Other costs (1lh) . 0
(3) Limit on other costs (25% x le)* 4,275,000
{4) Joint costs (1{) ' 3,074,000
(5) Limit on joint costsik 3,565,000
(6) Federal cost [}1) + smaller of (2) or

(3) + smaller of (4) or (5)] $ 4,274,000

b. Non-Iederal

{1) Excess of other costs [a(Z)—a(3)]< ‘ None
(2) Excess of joint costs [a.(4)~a(5)] | None

(3) Total non-Federal cost [b(1)+b(2)] _ None

3. Co,st—Sharing Under.Previous Corps Policy
a. Federal ' '

(1) Specific costs (lg) : $ 1,200,000
(2} Joint costs, recreation (1f) _ 3,074,000
(3) Limit on joint costs (25% x la) ; 14,000,000
(4) Other costs (1h) . 0 -
{5) Federal cost 'J:(‘l)+smal'1er,,of {2} or
(3)+(4)] - $ 4,274,000

bs. Non-Federal _
T1) Excess of joint costs [}3.(2.)-51.(3):[] None

*Maximum = $5, 000, 000
#%$2, 500, 000 + 15% x $7, 100, 000
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APPENDIX F
. POWER STUDIES
1. GENERAL

Detailed power studies were made of two potential hydroelectric
developments: the recommended Pontook project on the Androscoggin
River above Berlin and the studied Hale project on the Swift River above
Rumford. Flows at the two dam sites were determined from flow rec-
ords at nearby USGS gaging stations and adjusted on a drainage area re~
lationship to the specific site under study. For the Pontook project, ob-
served flows and natural flows from the six lakes above Errol, were
based on records at the Errol gage (drainage area 1, 045 square miles)
located 19 miles upstream of the dam site and cbserved flows from rec~
ords at the Gorham gage {(drainage area 1, 363 square miles) located 15
miles downstream of the dam site. .A gage on the Swift River near Rox-
bury {drainage area 95,8 square miles), 3 miles upstream of the Hale
dam site, provided data for the Hale study. Stream flow records are
available for the Errol gage since January 1905, for the Gorham gage since
October 1913, and for the Roxbury gage since June 1929. Mass curves of
observed and natural flows were developed through the critical low flow
periods of record for the dam sites and the amount of storage ard depend-
able flow derived. Upon advice from the Federal Power Commission, in-
stallations were based on a dependable capacity factor of approximately
10%. The methodology used in sizing and estimating the potential hydro-
electric installations at the two projects was similar and is described in.
some detail for the Pontook project in this appendix.

2., PONTOOK PROJECT

2. Main Dam. At Pontook, the maximum pool level is controlied by
the elevation of the town of Errol at the upstream end of the reservoir.
The limiting elevation of 1220 feet m. s. 1. is established by improvements
in the town of Errol., Reserving 58, 000 acre-feet for flood control estab-
lishes the maximum full power pool at elevation 1212, Stored flood waters
will normally be released through the turbines which can empty the flood
pool as rapidly as downstream channel capacities permit. Usable power
storage of 141,000 acre-feet, between elevation 1212 and 1182, was selected
as the practical optimum. Whereas additional storage could be used to in~
crease the dependable flow, the increase would be relatively minor and the
ratio of drawdown to total head would be ’tqo great for efficient operation.
The minimum power pool at elevation 1182 will provide a dead storage pool
of 39,000 acre-feet,
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In determining the dependable flow at Pontook, it was assumed that
the upstream storage in the reservoirs above Errol could be regulated
to provide optimum flow at Pontook. Studies indicate that, by utilizing
the 661, 000 acre-feet of usable storage from the existing reservoirs
above Errol and 141, 000 acre-feet at Pontook, a minimum dependable
flow of 1, 675 cfs could be maintained, A mass 'diagram illustrating use
of storage during the critical low flow period of 1940-1942 is shown on
Plate F'-1.

A system rule curve was developed for the entire 802, 000 acresfeat
of storage, This area was separated into three substorage areas and
rule curves were developed 'for each of them as well as for Pontook Res-
ervoir, Pertinent data relative to these substorage areas is given in the
following table:

Drainage Area  Usable Power Storagé
{square miles)

Subarea Gross Net Acre-feet MSFE
Aziscohos Dam 214 214 220,200 3, 655

Storage areas at and
upstream of Richard-

son Lakes ‘ 509 509 370,200 6,150
Errol Dam 1,045 - 322 70,700 1,175
| Pontook Dam 1,215 170 141,000 2, 340
TOTAL 802,100 ‘ 13,320

Rule curves shown on Plate F-2 were tested for the period 1938-
1959 which included the critical dry period of 1940-1942.. Regulation
of the March 1936 flood, following the rule curves, proved satisfactory
and is discussed in detail in Paragraph 10h(l) of Appendix B, It was
agsumed that, when the storage was below the rule curves, water would
be drawn in such a manner that the amount of storage required from each
sub-area was proportional to its net drainage area. The only exception
was Errol dam which contains 70, 700 acre-feet of storage. This storage
was always used before utilizing storage from the remaining areas and
filled only after the other storage areas had been filied. '

-2 .
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Although this méthod of operation is feasible for the combined use
of power, recreation, and flood control; it is not considered the optimum
operation. After reviewing the results, it is evident that, even during
dry periods, Pontook storage could be kept on its rule curve, thereby
increasing its average monthly head and providing greater anaual energy
benefits. More storage could be drawn from Aziscohos dam where no
recreation is anticipated to compensate for changes at Pontook Dam. For
determining average annual energy and recreation benefits, it was assumed
that Pontook always remained on its rule curve and the required system
storage was-drawn from the other substorage areas. Further refinements
to optimize the use of overall storage for all water uses will be explored
during the design stage. : ' '

After deducting losses due to leakage and seepage, a December usable
dependable flow of about 1,600 cfs was obtained.: Operation of the reser-
voir for power production would result in a maximum gross head of 94
feet, an average net head of 82 feet, a net head during the December critical
low flow period of 82 feet, and a minimum net head of 62 feet. Plate F-2
also illustrates that normal operation of the power pool would result in a
constant lake level in the Pontook reservoir during the recreation season.

Flows to the power house, founded on rock at the downstream toe of
the dam,; would be through two 32' diameter, concrete-encased, steel
penstocks., Two vertical Kaplan turbines, each capable of developing
65, 000 horsepower at minimum head, would be direct-connected to two
67,500 kw generators for a total installation of 135, 000 kw, all of which
would be dependable at the time of the peak {December) load, During design
stage, power needs, current and future will be re-evaluated to determine
whether additional capacity should be installed or provision made for the
installation of additional units at a future date. The plant would have an
average annual capacity factor of 9.1% and a minimum December load
factor of 5.4%. Average annual energy would amount to 107, 000, 000 kwh.

b. Reregulating Dam. Storage presently available in the six reser-
voirs above the Errol dam totals 661, 000 acre-feet which is operated to
provide uniforrn dependable flow at Berlin and points downstream for the
benefit of paper mills and other water users, Surges caused by the peaking
operation of the Pontock main power station would be reregulated by a dam
located about 3% miles below the main dam, This would create a reservoir
having a total capacity of 9, 300 acre-feet at elevation 1118, the tailwater
elevation at the main power house tailrace., A usable capacity of 4,100
acre-~feet would permit reregulation of the Pontook discharges to uniform
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flow conditions., Studies found.that it is economical to install a hori-
zontal propeller turbine connected through a speed increaser to a 3, 000
kw generator, The plant would be operated on a 69% capacity factor

and be capable of developing an average annual output of 18, 000, 000 kwh,
Flows from the main power house in excess of the capacity of the re-
regulating dam power station would be released through control gates or
passed over the fixed crest spillway.

: c. Betterment of Downstream Flow Conditions, Average monthly

flow records at the Gorham gage show that, of the 261 months studied
between 1938 and 1959. 22 months showed flows less than the minimum
of 1550 cfs which is desired by the water wusers: on the river, the lowest
flow being 1257 cfs. The reregulating dam at Pontook would provide a
minimum dependable release of 1675 cfs which would permit generation
of an additional 19, 000, 000 kwh annually at existing downstream instal-
lations.

-~ d. Plans of the project power houses and installations are shown on
Plate 5 of the main report,

3. PUMPED STORAGE POTENTIAL

During design stage, consideration will be given to installation of
integral type, reversible pump-turbines at Pontook since the pool created
by the reregulating dam would be suitable for use as an afterbay for such
a development. Information at this stage of the study is insufficient to
fully evaluate the need for and the economic justification of such an in-
stallation.
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APPENDIX G

RECREATIONAL DEVELOPMENT

1. INTRODUCTION

The. recommended Pontook Dam and Reservoir project, located
on the Androscoggin River in the White Mountain area of northern New
Hampshire, is highly favorable for recreational development. The
2, 000-~foot long dam, with a height of 115 feet above stream bed, would
impound a 6, 500-acre lake of crystal clear Androscoggin River water
extending 15 miles up the river valley and creating the second largest
water area in New Hampshire, surpassed in size only by Lake Winni-
pesaukee. Tremendous recreational use potential in this project re~
sults from the high incidence of pecple in thickly populated areas of
New England and adjoining regions who would vacation or visit here,
drawn by the scenic splendors and the opportunities for recreation.
Details of the recommended development for recreation, including eco-
nomic factors, are described in this Appendix.

2, DEMAND FOR RECREATION

2. General. The demand for outdoor recreational opportunities
in New England and the northeastern states is high and is continuing to
rise. The Outdoor Recreation Resources Review Commission study re-
port number 8, '"Potential New Sites for Outdoor Recreation in the North-~
east' states '""Population, income, leisure time, mobility and length of
life statistics indicate that demand for outdoor recreation will rise.'" The
most dominant factor in the demand for recreational facilities is the high
density of population, with New England having 6 percent of the nation's
population and the northeastern states having 25 percent, This becomes
most significant when one considers that New England covers only 2 per-
cent of the area of the continental United States and the Northeastern States
only 5 percent,

b. Use of Existing Facilities, Development of recreational facili-
ties at reservoirs constructed by the Corps of Engineers has provided
added opportunities for the ocutdocr recreation seeker in New England.
Attendance increased from 470, 000 to 2, 860, C00 between 1960 and 1963
at these reservoirs and the Cape Cod Canal. It is noteworthy that facili-
ties at 16 projects opened during this period were put to intensive use im-
mediately on being made available to the public.
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Use of park facilities offered in New Hampshire has more
than doubled since 1951 as shown in Figure 1. In 1963, the atten-
dance was nearly 2,7 million at State Parks designed for 1.5 mil-

lion users.
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¢, Demand for Water-Based Recreation, Water-based
recreation is the most desired outdoor activity, The Outdoor
Recreation Resources Review Commission's '"National Recrea-
tional Survey' reports that 44 percent of the U. S. population
prefers water-based recreation activities over any others and
that recreation on land such as camping and picnicking is en-
hanced by being near water.

The primary use of the White Mountains is for sight-
seeing, hunting, fishing, hiking, and camping. There is also a
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strong inherent demand by the using public for water-based rec~

reation in view of the significant lack of publicly-oriented lake-
type resources in the region.
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3. RECREATIONAL POTENTIAL OF THE PROJECT

a. Potential Public Use. In order to determine the potential
public use of the proposed reservoir project, many factors were in-
vestigated and their effect and relation to public use of the project de-
termined. The basic factors which will determine the development of
the reservoir are the inherent use potential in the people who are ex-
pected to create use pressure and the quality and quantity of resources
which the project can tap, The natural attractions of the area in which
the project is located constitute a very important resource.

b. White Mountain Area.

(1) Gemneral. The White Mountain region constitutes the
greatest inland tourist attraction in New England. The history of the
recreational use of the White Mountains includes the beginnings of out-
door recreation in America. Mount Washington (6, 288 feet, m. s.1.)
was first climbed in 1642 by Darby Field only 22 years after the landing
of the Pilgrims. From that time on, the area has been a favorite at-
traction to millions of recreation seekers.

-{2) Scenic Interest. From the peak of Mount Washington on
a clear day, one can see a panorama of ranges and valleys extending
for nearly 100 miles and taking in landmarks in Maine, Vermont, and
Massachusetts, The peak dominates this area of New Hampshire, a
region filled with rugged scenic notches carved between the mountains,
gorges marked by forested slopes laced with cascading streams, and
outstanding natural rock formations. Among well known features are
"the Flume!''; Crawford, . Pinkham and Franconia Notches; the ''Pool",
and "Basin'!, filled with' crystal clear water; picturesque Glen Ellis
Falls and the Crystal Cascade; and - most famous, -~ the Old Man of
the Mountains, lifting its face to the ages.

(3) Recreational Resources. The most significant recreation
resource in the region is the White Mountain National Forest. Two
State parks within the limits of this National resource and within 50
miles of the proposed project present the greatest attraction to the rec-
reation seekers. These are Crawford Notch and Franconia Notch which
together received over 95 percent of the 1963 total visitor-day use of all
the State parks within a 50-mile radius of the project,
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(4) Types of Activities. Since the main activities in the
White Mountain area are viewing its scenic splendor, hiking, camping,
and fishing, the area has long been an attraction, ‘especially to the out-
door type of person who can.roam the mountain tracts for days, stopping
overnight at campsites, shelters, and cabins, The fishermen can find in
the rivers, streams and cascading waterfalls, excellent trout fishing.
However, what the general recreation seeker wants and cannot find is
water suitable for swimming and boating. Thus, the greatest attraction
to most outdoor enthusiasts is lacking in the area.

(5) Tourist and Vacation Trends. The scenic charm of the
White Mountains is a perennial lure, alike to the sophisticated or the
work-weary visitor. It has supplied the Nation since the early seven-
teenth century with opportunities for recreation. The area is well de-
veloped with motels, hotels, and cottages for transient and vacation use.
Surveys have shown that visitation to the area has practmally doubled in
the.past decade. ' ' '

(6) Existing Park and Recreational Areas. Within a 50-mile
radius of the project, there are 13 developed public recreation areas,
exclusive of the White Mountain National Forest, offering public-use
facilities, They include approximately 20, 000 acres of land, * Eight of
the areas offer bathing facilities, but on a small scale due to lack of
shore front ownership. The only public access to a sizeable water
surface at any of the recreation areas.is at the 469-acre Maidstone
State Forest on the shore of the 1, 500-acre Maidstone Lake in Vermont.

The largest water area open for public use is the New
England Power Company's Moore Reservoir. The reservoir has ap-
proximately 4, 000 acres of water surface and facilities are available
for public boat launching and picnicking on adjacent lands. No bathing
facility is offered.

None of the six Corps of Engineers' flood control reser-
voirs in New Hampshire are within the 50-mile zone of influence,  Two
of them, the recently completed Hopkinton-Everett Reservoir and the
Otter Brook Reservoir, completed in.1961, offer recreational develop-
ments, Facilities are provided at both for picnicking, swimming,
boating and fishing,



The largest tourist attraction offering public-use facilities
within a 50-mile radius of the project is the White Mountain National
Forest, Eighty percent or approximately 550, 000 acres of this
National reserve lie within this radius, The main attraction of this
area is its natural scenic beauty and developed camp grounds and
hiking trails. There is only one developed swimming area and no
water area large enough or having access facilities for boating., Table
1 lists the recreation areas and facilities offered.

d, Suitability of Reservoir for Recreational Development. The
Pontook Reservoir would be ideally adapted for recreational develo-

_'fnent. The permanent pool would create the second largest water area

in New Hampshire, surpassed in size only by Lake Winnipesaukee. The
shoreline of the permanent pool has adequate slopes to support beach de-
velopment, requiring only clearing and placing of a sand blanket by way
of construction work. The adjacent land is highly diverse. It is well
forested and readily adaptable to day use and overnight camping develop-
ment, The mountain streams located in the area add to the aesthetic
value of the land as well as supply a source of water for the recreation
area. There is adequate land area composed of gently sloped rolling
hills to support development. There is also the steep rising Sugar Hill
which rises 450 feet above the proposed 6, 500-acre lake and offers ideal
terrain for hiking tracts with a panoramic view of the lake and the sur-
rounding mountain side. In general, the area around the proposed Pon-
took Reservoir exhibits spectacular scenery and provides a wide variety
of recreational possibilities.

e, Climate, The air in the White Mountains area is dry and clear

~and a favorite for sufferers of hay fever. In 52 years of record, the

minimum and maximum temperatures in Berlin, New Hampshire have
been -44°F and plus 100°F, The summers are pleasant with an average
temperature around 70°F. Average precipitation in Berlin is 40

inches with an average winter snowfall amounting to 100 inches.

f. Fish and Wildlife Resources, Fish and wildlife resources of
the project are discussed in Appendix H of this report.

g. Accessibility, The proposed Pontook Reservoir will be easily
accessible by east-west U. S. Route 2 and north-south State Route 16,
Both roads are paved two- and three-lane highways. The driving dis-
tance from Boston, Massachusetts is 180 miles or approximately four
hours leisurely driving time. It is within seven hours driving time of
almost all of New England and New York City or within the average
driving range which would be considered for a vacation trip.
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TABLE 1

EXISTING PUBLIC PARK AND RECREATION ARFAS WITHIN
50 MILES OF THE PROPOSED PONTOOK RESERVOIR

Facilities Offered

Bathing
Boating
Fiéhing
Hiking
Seenice Road
Skiing
Land Area
(acres)

NEWN HAMPSHIRE

4 | Camping

Milan Hill S.P.
Mount Prospect S.P.
Moose Brook S.P. :
Forest Lake S.P. ' X x
Crawford Notch S.P. ) : X
Franconia Notch S.P. ‘

Echo Lake X

Flume Gorge ,

lafayette Campground ' X

Profile lake
Echo Lake S. P. X

127

755
420
X 5950
X X 6275

~4

b
>4
S
<

MM M o e
b Bg b B4 B B

X 408

b b4 2 D B Bd b b4 b B mmmm@

VERMONT

Brighton S. P. X
Dariing 5.P.
Maidstone S.F. X X

X 59
X - X 1705
X 469

b e 4
b4 e

NEW HAMPSHIRE-VERMONT

Moore Reservoir X X X X

WHITE MOUNTAIN NATTONAL FOREST

C. Lo.-Graham Wangan Ground
Cold River Campground
Covered Bridge Campground
Dolly Copp Campground
Dugway Campground

Glen Ellis Falls Scenic Area
Long Pond Camp

Lower Falls Picnic Area
Oliverian Campground
Passaconaway Campground
Rocky Gorge Scenic Area

bebe b4 b4 4 bd b
b pd B b4 b4 b B4 24 b
5 b b4 b4 B4 B
B >4 4 bd bd b4 g 4 b e b
be 54 bd B b b4 b4 b4
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TABIE 1 (cont.)

EXISTING PUBLIC PARK ANT) RECREATION AREAS WITHIN

S0 MILaS OF THE PROPOUSED PONTOOK RESKRVOLR

Bathing

Facilities Offered

Boating

Camping

Fishing

Hiking

Picnicking

Scenic Road

Skiing

Arvea (zcres)

WHITE MOUNTAIN NATIONAL FOREST (cont.)

Russell Pond Campground
Sawyer Rock Picnic Area
South Pond Recreation Area
Sugarloaf Campground
Tuckerman Ravine
Waterville Campground
White Iedge Campground
Wild River Campground
Wildwood Campground
Zezland Campground

MAINE

Mount Blue S.P,

NOTE: B.F, - State Forest

5.FP, - State Park

P4

b

P P4 b P Pe RS PY

b bd bd Bd bd ba b B

pd Pa P g PdPdbd Pd
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P
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4, ANTICIPATED PROJECT USE

a., The Desirability of the Project. The water area offered by
the project would be the major attraction of the Pontook Reservoir.
The 6500-acre water surface which will be available during the summer
use season will provide opportunities for swimming, boating, water
skiing, and fishing, It will also offer an attraction for such land-oriented
activities as picnicking, hiking, and camping. The project land area is
expected to receive a more than average use by campers. Other leisurely
uses such as walking by the water, bird watching, and sightseeing will
receive increased usage. The area is presently hunted over and such use
will continue with the project. '

b. Population Potential. The main factor determining the recrea-
tional development of the reservoir project is the use potential in the
population expected to create use pressure on the project. To determine
the use potential, it was necessary to determine the present and potential
population, employment, income, and available leisure time of the people
and the effect these factors would have on their desires to participate in
the recreational opportunities offered by the project.

(1) Population, Within a 15-mile zone of influence of the proj-
ect, there are some 21, 000 inhabitants, The one-hundred mile zone of
influence encompasses some 525, 000 people, and the 200-mile zone over
10 million.

(2) Income, The median ‘in'corlhe;of families within a 15=wmile
radius of Pontook Reservoir in 1960 was $5, 200 with 76 percent of the
families with incomes between $3, 000 and $10, 000 and eight percent with
incomes of $10, 000 or over. Median family incomes of the entire zone
of influence were higher largely because of the effect of Massachusetts,
Connecticut and New York. The median family income of the entire zone
was about $6, 100 with 70 percent of the families with incomes between ]
$3, 000 and $10, 000 and 16 percent with incomes of $10, 000, or over. (1

Participation in outdoor activites increases with income,
the increase being the sharpest at about $3, 000 a year; from this level
on, participation steadily increases reaching a maximum in the $7, 500-
$10, 000 bracket then declining slightly thereafter.

(1) U.S, Dept. of Commerce, Bureau of the Census
(2} Outdoor Recreational Resources Review Commission, Main Report,

1962
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(3) Education. Of all persons 25 years old and over within
the zone of influence of f of t}t )Po,ntook Reservoir, the median school years
completed were over 11, Education affects participation much as
deoes 1ncome( the more education adults have, the more active they are

likely to be. 2 The percentage of persons participating in outdoor ac-
tivities is higher among the group 'wi’c‘h more than three years of high
school than among those with less education.

(4) Employment, Occupation has a considerable influence
on participation in outdoor activities. The greatest participation was
by the non-labor force. Among occupations, professional people enjoy
the most recreation and farm workers the least, Within the Pontook
zone of influence, about 60 percent of the population belonged to the
non-labor force., Of the employed labor force, about 42 percent were in

white collar ?CCupations and about 37 percent were in manufacturing in-
dustries. About two percent of total population were of the rural

farm type for the entire zone and five percent for the immediate area.

{5) Leisure Time. In special studies conducted hy.the Bureau
of Labor, statistics confirm the trend t oward a shorter than 40-hour week.
All figures point to a continuation of this trend into the future. More time
will be available to participate in outdoor recreation, and this increase will
bring greater pressure upon existing facilities, It will also increase the
demand for expansion of existing . facilities and the development of new rec-
reation facilities., Greater opportunity is urgently needed in the densely-
populated New England area to meet the mounting needs and demands of the
majority of the residents who are primarily skilled wage earners. Some of
the demand can be satisfied in the after-work and weekend hours at the
Pontook Reservoir. ' -

c. The Recreational Market. The source of the recreational mar-
ket had to be considered in order to plan project development, The major
portion of the ‘recreational market of the Pontock Reservoir is expected
to be comprised of visitors from New Hampshire and Massachusetts with
visitors from New York having somewhat less significance, Rounding out
the market will be visitors from Canada, Vermont, Maine, Connecticut,
Rhode Island, New York, New Jersey and other parts of the United States,
This assumption is predicated on 1943 and 1963 surveys by the State of
New Hampshire to determine the origin of visitors to their State Park
-System, The 1963 survey shows that approximately 78 percent of visitor- -
days was non-resident. This indicates an increase of 23 percent since
1943, Results of these surveys, shown in Table 2, are based on a sampling
of 10 percent of day users and 25 percent of campers.

(1) Ibid"
(2) Ibid G-9



TABLE 2

SOURCE OF VISITORS BY STATE -

Percentage of Total Visitor-Days

State 1943 Study 1963 Study
Maine 2 A
New Hampshire 45 22
Vermont 1 1
Massachusetts 32 39
Rhode Island 2 3
Connecticut 3 5
New York 7 11
New Jersey 5 3
Other (Includes Canada) 3 14

The more recent survey shows that 61 percent of the visitors
come from Massachusetts and New Hampshire, It is assumed that the
source of the majority of Massachusetts visitor-days is people in eas-
tern Massachusetts, including the 2.6 million people residing in the
Boston Metropolitan area. A cross-sectional analyses of the income,
education, employment, and leisure time of the people of Massachusetts
and New Hampshire reveal that the majority of these are within the group
which desires to participate in public oU.tdo_or recreational activities,

Anocther important factor which will influence use of the Pontook
Reservoir is the high number of seasonal residents in New Hampshire
and especially in the White Mountain Area. According to 1960 census
figures, the year-round population of New Hampshire is 607, 000 with
an increase of 214, 000 in the summer season, There are 55, 000 year-
round residents and approximately 30, 000 additional residents in the sum-
mer season within a 50-mile radius of the project in New Hampshire, in-
cluding approximately 80 percent of the White Mountain National Forest.
In the period 1957 to 1960, summer season residency increased 87 percent
in New Hampshire,

d. Estimated Visitor-Days. The Pontook Reservoir is expected to
exert an influence on the recreational désires of a large area of the North-
east including New England, New York and New Jersey as well as the
Province of Quebec, Canada. It is assumed that 30 percent of the visitor
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ESTIMATED VISITATION -THOUSANDS
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days w!ll come from surrounding communities within a 50-mile
radius of influence and 25 percent will come from the zone of
influen:e between 50 and 100 miles from the project. Based on
recent surveys by the State of New Hampshire, it is also rea-
sonabl: to predict that 40 percent of the visitor-days will come
from tie Metropolitan areas in Massachusetts, Connecticut,

New York, New Jersey, and Quebec, Canada, with the remaining
five percent coming from various other locations,

‘t is conservatively estimated that visitors from the above
areas would amount to 110, 000 visitor-days upon completion of -
recreational development of the project. Over the 100-year life
of the project the visitor-days would rise, as shown in Figure 2,
and r :ach 404, 000 annual visitor-days by project year 100.
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PRC.ECTED VISITATION~PONTOOK RESERVOIR .
BASED ON A 100 YEAR PROJECT HIGH 478,000
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PROJECT YEARS
FIGURE 2

These figures represent visitors using developed recreation
facilities and do not include sightseers to view the project or
hunters and fishermen, The project is expected to attract
approximately 200, 000 sightseer visitor-days annually. The
Pontook development would not compete with the land-based
attractions of the White Mountain area but would supplement
them by offering to the visiting public a water area of sig-
nificant size presently lacking in the area.
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5. DEVELOPMENT PLAN

a. General. The area chosen for initial and future recreational
development is shown on Plate G~-1. This is the area considered to be
most practical in terms of terrain, cover, access, and economical de-
velopment., The development layout shown ig schematic in nature and
depicts a typical layout which would be Betermined after extensive field
work and engineering analysis in master planning the project.

The number of facilities provided was determined on a design
load basis, Design load was determined by use of the National Park
Service formula:

1 x(AVx,80) x 40
D.L. =14:{ 1.5 )
in which:

il

D, L, = Design Load
AV Annual Visitation
1/14 = Number of surnmer Sundays, inversely

. 80 = Percent of attendance that will use facilities during
normal 14-week season.

.60 = Percent of weekly visitors on a normal summer
Sundav.

1.5 = Rate of turnover

This formula, tried against experienced use at completed de-
velopments at New England Division Reservoirs, has proved to be fairly
accurate. The initial design load for the project, based on an annual
visitation of 110, 000, is 2500, The initial development will have facilities
adequate to accommodate the design load. The initial development will
also include basic facilities which will be gdequate for future as well as
initial demand and which are more economically constructed in one stage
rather than multi-stage. Such facilities include the administration and
maintenance area, central roads, water supply, sewage disposal area,
and beach development. The development will be expanded for future
use over the life of the project based on design loads derived from the
projected visitation shown in Figure 2, and/or as experienced use of the
project may indicate. '
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b. Purchase Area., In order to realize utilization of the full
potential of the resources of the Pontook Reservoir, it will be neces-
sary to acquire additional land for recreational uses over and above
that required under normal procedures. This area is shown on Plate
G-1 and is designated as "Recommended Project Boundary'. This
land is prime development land and offers adequate area for land-
based recreational development as well as to insure against encroach-
ment by private enterprise along the relocated Route 16,

c. Development Features., Initial development to accommodate
a design load of 2, 500 users will have provisions for necessary access
and a circulatory road network with adequate parking area for 500 cars,
The picnic areas will have 75 picnic sites consisting of two picnic tables
and one fireplace for each site and selective clearing as necessary.
There will be 100 developed campsites with one picnic table and one fire-
place each with an adequate cleared space for tent or trailer siting. Ap-
proximately 90, 000 square yards of beach area will be developed to
accommodate the initial anticipated use as well as the visitations for
project vear 100. It is considered desirable to develop the entire beach
area initially as one stage construction in the interests of economy. Fur-
thermore, future lowering of the pool for construction in multi-stage
would most likely conflict with water needs for other purposes as well as
hinder recreational use of the water surface.

The provision of the 6, 500-acre water surface is expected to
attract a large amount of boat use for pleasure boating and boat fishing.
To accommodate these uses, a parking area for 120 cars with trailers
and 40 cars without trailers will be provided. Mooring facilities will
also be provided,

Central water supply and sewage disposal facilities will be
developed for initial and projected use. Adequate toilet facilities will
be provided in the initial development and supplemented as future use
pressure requires,

Interpretive signs and tracts will be located where necessary,
6. ECONOMIC EVALUATION

a. Costs. Table 3 itemizes the facilities and cost for initial de-
velopment of the Pontook Reserxvoir. The initial cost of development
is $1, 000, 000 with a total accumulated cost of $2, 200, 000 by project
yvear 100. These costs include cost of basic facilities and do not in-
clude cost of land acquisition and project modifications. Figure 3 shows
the accumulated project cost for incremental 5-year periods of the
100-year project life.
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" TABLE 3

PONTOOK RESERVOIR COST ESTIMATE
INITIAL RECREATION DEVELOPMENT

Item

DAY USE - PARK AREA

Roads - Dbl, Bit, Treatment

Parking Areas

Beach Development

Picnic Tables

Fireplaces

. Trash Barrels

Sanitary Facilities

1 central change house

toilet structure at beach
area w/provisions for
management and storage
facilities. 16 change -
stalls, 12 water closets
& 4 urinals, Flush-
type toilets

=1 O~ N s W N

2 toilet structures
w/l urinal & 5 water
closets each

CAMPING AREA

1. Roads - Dbhl. Bit. Treatment
Gravel Surface

2, Campsites
3. Picnic Tables
4, Fireplaces
5, Trash Barrels

- Quantity

5 mi.
17,000 s.v.
90,000 s.v.
I50 ea.

75 ea.

150 ea.

1 job

2 ea.

0.4 mi.
1,6 mi,

100 ea,
100 ea,
100 ea.
200 ea.

G-14

Unit
Price

$25, 000

2,00
1.25
100,00
90, 00
10,00

80, 000

20, 000
Sub Total

25,000
15,000

200,00
100.00
90,00
10,00

Estimated
Cost

$ 125,000
34, 000
112, 500
15,000
6,750
1,500

86, 000

40, 000
414,750

10, 000
24,000

20, 000
10, 000
9,000
2,000



TABLE 3 {(cont'd.)

Unit Estimated
Item. : S Quantity Price ___Cost

CAMPING AREA (cont'd. )

6. Toilet structure w/urinal,
5 water closets, 2 shower .
stalls and 1 laundry tub 2 ea. $ 22,000 & 44,000
Sub Total 113,000

BOAT LAUNCH & MARINA AREA

1. Parking Area 6,000 s.v. 2.00 12,000

. Boat Launch Ramp 2 ea, 5,500 11,000
3. Building w/2 toilets and : : _

office space - 20' x 28' 1l ea, 10, 000 10,000

4. Mooring Facilities 1 ea. 4,000 4,000

' Sub Total 37,000

ADMINISTRATION & MAINTENANCE AREA

I. Entrance Station - 10' x 10! l ea, 4,000 4,000
2, One 4-stall garage w/office,

toilet & workshop 1l ea, 25,000 25,000

3. One 5-room resident's quarters l ea. 24, 000 24,000

Sub Total 53,000

CENTRAL WATER SUPPLY SYSTEM

To be created by using embankment of
Relocated Rte, 16 to impound water

1. Alterations to 'Rte, 16 Job 5,000 5,000
2. Pipe lines @ 4.5' depth

2" line ' 8,500 ft. 4,00 34,000

3/4" line 8, 000 ft. 3,00 24,000

3. Booster Pump Station 1 ea. 8,000 8,000

Sub Total 71,000
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TABLE 3 (cont'd.)

Unit Estimated
Item _ Quantity Price Cost
MISCELLANEQUS
Trails 4 mi, $2,500 $10,000
Landscaping - Use $1,50/D. L. Job | 3,750 3,750

visitor (N.P.5.)

Signs and Markers
(Material only - work done S ‘ , \
in NED workshop) Job 1,000 1,000
, Sub Total 14,750

TOTAL CONSTRUCTION COST ' 709,500

Contingencies 140, 500

TOTAL 850, 000

Engineering & Design 80,000

Supervision & Administration 70, 000

TOTAL COST INITIAL DEVELOPMENT - : $ 1,000,000

AVERAGE ANNUAL COSTS
Operation & Maintenance $20, 000(1)
Replacement 32,000(2)
Total $52, 000

(1) Annual Operétion and Maintenance costs increase from $11, 000 in year one to
$41, 000 in year 100, Increase = 41,000 - 11,000 = $30, 000

Average annual equivalent factor for 100 years at 3-1/8% = ., 28168

Average annual operation and maintenaﬁce = 11,000 + (30,000 x . 28168) =
$20, 000 (rounded) :

{2) Annual replacement costs for recreation facilities increase from $23, 000
in year one to $55, 000 in year 100. Increase = 55,000 - 23,000 = $32, 000

Average annual equivalent factor for 100 years at 3-1/8% = . 28168

Average annual replacement = 23, 000 + (32,000 x , 28168) = $32, 000
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b, Benefits., Recreation benefits included in this evaluation
are for uses of the developed recreational area and do not include
visits to the project by sightseers, fishermen or hunters enjoying the
natural resources of the project. A value of $1.50 per visitor-day
has been chosen since the proposed Pontook Reservoir with a properly
planned development is expected to offer a highly diversified water-
based outdoor recreation resource unsurpassed in northern New Eng-
land. With this unit value, annual benefits should reach $165, 000
upon completion of the project and reach $606, 000 annually by project
year 100, Average annual equivalent benefits are $289, 000 over the
project life.
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UNITED STATES
DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BUREAU OF SFORT FISHERIES AND WILDLIFE
59 TEMPLE PLACE
BOSTON, MASSACHUSETTS 02111

January 15, 1965

Division Engineer

U. S. Army Lngineer Division, New England
Corps of Engineers

424 Trapelo Road

Waltham, Massachusetts 02154

Dear Sir:

This letter constitutes our conservation and development report
on the fish and wildlife resources associated with the Andros-
coggin River Basin project, New Hampshire and Maine. Initially
the project consisted of two reservoirs, Pontook Reservoir in
New Hampshire and Hale Reservoir in Maine. It is ocur under-
standing that you have determined that construction of the Hale
Dam is infeasible and that you are not recommending its con-
struction., Because of this deterwmination we have owitted from
this report a detailed discussion of the effects of the Hale
Reservoir on the fish and wildlife resources., The discussion
of this reservoir is limited to a brief, general summary of the
influence it would have on the resources.

This report has been prepared under authority of the Fish and
Wildlife Coordination Act (48 Stat, 401, as awended; 16 U.S.C.
661-666 inc.), in cooperation with the New Hampshire Fish and
Game Department and the Maine Department of Inland Fisheries
and Game, Authorization for your study is contained in the
Resolution of the Senate Public Works Committee adopted
Novewmber 21, 1955, The report has the concurrence of those
agencies as indicated in their letters of December 1, 1964
and November 19, 1964, respectively,

If the Hale Dam and Reservoir were to be constructed on the
Swift River three miles upstream frowm Mexico and Rumford as a
multiple~purposé project for flood control, hydroelectric power,
water supply, and recreation, both the moderate quality stream
fishery and the wildlife resources would be adversely affected,
A significant lake~type fishery would be created by the project.



Hunting opportunities for big game, upland game, and, to a
lesser extent, waterfowl resources would be reduced. Some

of the stream fishery losses could be recaptured downstream
from the reregulating dam by oxygenating the discharge and
providing public access for anglers to both banks of the
river. By acquiring an additional 50 acres at the upper ex-
tremity of the reservoir and developing this area, together
with an adjacent portion of the flood control pool, for water-
fowl management, sufficient benefits would accrue to waterfowl
to replace losses in that category as well as compensate for

" the big game and upland game losses, If at some future date
the Hale Dam is reconsidered for construction, it will be
necessary for us to prepare a detailed report on project
effects at that time.

The dam site for the multlple-purpose Pontook Reservoir is
located on the Androscoggin River about twelve wmiles upstream
from Berlln, New Hampshire and about one mile downstream from
the existing Pontook Dam, Project purposes are flood control,
hydroelectric power, and recreation, When filled to the top of
the flood pool, elevation 1220, the reservoir will inundate an
area of 7,470 acres. An area of 6,500 acres will be inundated
when the power pool 1is filled to its maximum level, elevation
1212, Four miles downstream from the new Pontook Dam will be a
reregulating dam. 'The power house will be located immediately
downstream from the main dam. A second and much swaller power-~
house will be located at the reregulating dam, Land will be
acquired in fee title to elevation 1220 plus a horizontal strip
up to 500 feet in width in those locations suitable for recrea-
tion,

Twenty=-five miles of excellent cold-water stream fishery con-
sisting of the segment of the Androscoggin River from the head
of the reservoir, at the town of Errol to Berlin Airport (where
pollutlon enters the r1Ver) and portions of trlbutary streams
are in the area of project influence. ThlS is principally a
trout flshery and is one of the flnest in New Hampshire,
amounting to about half of the remalnlng fishery of such high
quality. Under without-the-project conditions the stream
fishery will support an estimated average annual fisherman use
of 18,600 fisherman-days over the 100-year period of analysis.
The 543 ~acre existing Pontook Reservoir supports a warm-water,
lake-type fishery which is expected to provide an average
annual uvtilization of 3,300 fisherman days over the same period,

Construction of the Pontook Reservoir and its reregulating
reservoir will obliterate 17.5 miles of excellent quality stream
fishery by inundation. Another 4,5 miles of the stream fishery
downstream from the reregulating dam to Berlin Alrport will be
lost due to releases of water that will be deficient in oxygen.



Furthermore, the temperature of the downstream releases will
be too cold for a stream fishery except during a brief period
from midsummer to fall. The total with-the-project loss will
amount to 14,800 fisherman~days, leaving only 3,800 fishermari-
days of stream fishing; this rewmaining fishery being three
wiles of the Androscoggin River lying within the flood-pool
segment of the reservoir,

The Pontook Reservoir will also inundate the existing reservoir.
The new and much larger reservoir will provide a lake-type
fishery (predominantly warm-water species) having an estimated
annual utilization of 17,600 fisherman-days over the life of
the project. While this represents an increase in reservoir
fishing potential of 14,300 fisherman-days, it will not miti-
gate the loss of 14,800 stream fisherwan~days, where the need
far exceeds the opportunity and where there are no possibil-
ities for creating such an excellent stream fishery in the
future,

Without the project the reservoir area will produce annually

an estimated 10,000 hunter-days of deer hunting, 1,800 of
upland-game hunting, and 450 cf waterfowl hunting. Fur-

animal resources are expected to yield about 900 pelts annually
without the project.

Construction of the project will eliwminate approximately 6,000
acres of terrestrisl wildlife habitat and a small acreage of
good to excellent fur-animal habitat. Most important in the
terrestrial habitat losses are 4,000 acres of excellent deer-
wintering habitat, This type of habitat is critical to the
survival of deer in this area. The elimination of this habitat
will reduce the average annual big-game hunting opportunities
to 1,600 hunter~days, a loss of 8,400 hunter-days. Upland-
game hunting oppcrtunities will be reduced to 300 hunter-days,
representing a loss of 1,500 hunter-days annually with the

pro ject. 'The annual fur harvest is expected to be reduced by
50 percent.

The project will also eliminate 115 acres of excellent waterfowl
habitat plus a larger acreage of lower value habitat. 1In its
place will be more extensive but even poorer habitat. It is
expected that 300 waterfowl hunter-days will be lost, leaving
only 150 hunter-days.

As stated above, the enlarged warm-water reservoir fishery will
not mitigate any of the exceptionally valuable cold-water stream
fishery, There is no known way to witigate the 11,700 fisherman
days of stream fishery destroyed within the impoundments. The
only opportunity to mitigate the stream fishery is in recap-
turing a portion of the fishery that is lost in that segment of
the river downstream from the reregulating dam. This should be
done by oxygenating the released waters and providing adequate
public access to this segment of the river,



The released waters should have a dissoclved oxygen content
of at least six parts per willion. A 100-foot wide strip
of land along each bank of the viver downstream from the
reregulating dam to the Berlin Airport; a distance of four
miles, should be acquired in fee title. In addition, three
one-acre graveled parking areas with boat ramps sghould be
constructed as a project cost. Approximate locations are
shown on plate I, One area on each side of the river
should be constructed at the first site upstream from the
Berlin Airport.

Approximately 100 acres of land would be required. It is
estimated that the land would cost $10,000 and that the con-
struction and annual maintenance costs of each parking lot
would be $6,000 and $250, respectively.

Prov1d1ng oxygenated water releases and publlc access to the
river between the reregulating dam and Berlin would furnish
2,300 fisherman-days. Adding this to the 3,800 fisherman-
days of with-the-project stream fishery makes 6,100 fisher-
man-days with mitigation measures, leaving an annual loss

to the stream fishery of 12,500 fisherman-days.

In order to obtain maximum utilization of the reservoir
fishery, nine one-acre graveled figsherman parking areas, seven
with launching rawps, approx1mate locations as shown on plate
I, should be constructed and maintained around the reservoir.
The average cost of constructing each area is estimated to be
$6,000, Maintenance costs are estimated at $250 annually

for each area., The provision of these facilities would
increase the average annual fisherman use of the reservoir by
4,200 fisherman-~days, none of which would mitigate the lost
stream fishery. All fisherman access facilities at the
reservoir and downstream should be waintained -as a part of
the over=all project costs,

Fisn screens should be installed around. the penstock intakes
to reduce fish losses, The screens should-consist of a
grating having clear space bétween bars of one inch.

Fish passage facilities for anadromous fish would not be needed
until downstream pollution is eliminated, fish passage over
downstream barriers is provlded and. spawning potential up-
stream from Pontook Dam is determined° However, it is pos-
sible that the reservoir may provide a better cold-water
fishery than now anticipated. 1In this case, the elimination of
pollution from Berlin downstréam could open many miles of down-
stream spawning grounds for trout or land-locked salwon in the



reservoir, Because of the possibility of restoring anadro-
mous fish or landlocked salmon or trout, project plans
should provide for future construction of fish-passage fa-
cilities at both the wain dam and the reregulating dam.

The mitigation of the lost deer-wintering habitat should
consist of the acquisition, initial development, the oper-
ation and maintenance of 11,800 acres of land at Federal
cost. TLocation of the lands needed is shown on plate I.
Portions of the land adjacent to the reservoir may be used
for general recreation during the summer without serious con-
flict with wildlife needs. The New Hampshire Fish and Game
Department will undertake the initial developwent and oper-
ation and waintenance work., That agency should be reimbursed
with Federal funds, chargeable to the project,; for the cost
of accomplishing this work., The estimated cost of land 1is
$540,000, development costs are estimated at 350,000, and
estimated annual operation and maintenance costs are $5,000.
The acquisition and development of the wildlife mitigation
lands would increase the big-game hunting opportunities to
9,650 hunter-days annually, leaving a net loss of 350 hunter-
days in this category. There is no practical way to wmitigate
the lost upland-game resource.

In order to replace the waterfowl losses, a marsh of about

110 acres should be developed and waintained on Mollidgewock Brook
within the area acquired for the mitigation of deer losses. This
development would require a low dam that would impound water to

a wmaximum depth of three feet, The structure should be pro-
vided with a water-control structure to permit water-level manip-
ulations, and an access road is also required., Tt is estimated
that this marsh, under proper management, would provide 1,000
waterfowl hunter-days annually. This amounts to 550 wmore
hunter-days than under without-the-project conditions. This
increase would compensate for the lost upland-game hunting
opportunities. The estimated cost of constructing the im=~
poundment and access road is $49,000 and annual operation and
maintenance costs are estimated at $2,500. The New Hawpshire-
Fish and Game Department will undertake the operation and main-
tenance work, That agency should be reimbursed with Federal
funds, chargeable to the project, for the cost of accowplishing
this work,

It is recommended- .

1. That provision be made for mechanical aeration of
releases from the reregulating dam to assure dissolved oxygen
content of six parts per milliion in the stream segment down-
stream to Berlin, New Hampshire,

2, That fish screens having one~-inch wide openings be
installed around the penstock intakes.



3. That public access to the river between the rereg-
ulating dam and the Berlin Airport be acquired in fee title
in the form of 100-foot strips along each bank of the river.

4, That three onew-acre graveled parking areas with boat
ramps be constructed and maintained along the river downstream
from the reregulating dam, as a project cost.

5. That nine one-acre graveled parking areas, with boat
ramps at seven, as shown on plate I, be constructed and wain-
tained, as a project cost, around the reservoir for fisherman
use; space needed for non-angler use would be additional.

6, That project plans provide for future construction
of fish passage facilities at both the reregulating dam and
the main dam at such time as this Bureau and the New Hamp-
shire Tish and Game Department shall jointly agree that
these facilities would substantially benefit a restored an-
adromousg fish run or the spawning of important re51dent
species.

7. That 11,800 acres, as shown on plate I as deer
habitat replacement lands be acquired in fee title and in-
itially developed as a project cost.

8., That a shallow marsh on Mollidgewock Brook of approx-
imately 110 acres (indicated on plate I for waterfowl loss
mitigation), together with necessary access road and water
control facility, be constructed as a project cost.

9. That the New Hampshire Fish and Game Department be
reimbursed with Federal funds, chargeable to the project,
for costs involved in the initial development of the big-
game mitigation lands, and for the annual operation and main-
tenance costs applicable to these lands and to the Mollidgewock
Brook wmarsh,

10, That operation and wmaintenance costs related to
mitigation measures be treated in the same wanner as the con-
struction or capital costs of witigation measures and included
as part of the overall project costs.

11. That the reimbursement of operation and malntenance
costs related to mitigation measures be determined in accord-
ance with current policy as described in H.R., 9032, 88th
Congress proposed Federal Water Project Recreation Act.

12, That all lands and water areas of the Pontook
Reservoir project except those areas which wmay be reserved for
intensive development of general recreation or for safety,
efficient operation, or protection of public property, be made
available for adwinistration by the New Hampshire Fish and Game



Department under a General Plan for Fish and Wildlitfe Man-
agement in accordance with provisions of the TFish and Wildlife
Coordination Act.

13. That your report provide for the early cooperative
development of a preliminary Master Land Use Plan with this
Bureau and other interested agencies which will include (a)
reservoir zoning, (b) land clearing, (¢) fishing access site,
{d) recreation sites, {(e) road relocations,

14, That additional detailed studies of fish and wildlife
resources be conducted, as necessary, after the project is
authorized in accordance with the Fish and Wildlife Coordination
Acts and that such reasonable modifications be wade in the
authorized project facilities as may be agreed upon by the
Director of the Bureau of Sport TFisheries and Wildlife, the
Chief of Engineers, and the Director of the New Hampshire Fish
and Game Department for the conservation and development of
these resources.

Sincerely yours,

Z. L

Fred L. Jacobson
Acting Regional Director



PREFACE

This report is an analysis of the Androscoggin River Basin
project in relation to fish and wildlife resources. Initially
two reserveoirs were included in the project plans; the Pontook
Reservoir in New Hampshire and the Hale Reservoir in Maine.
The latter reservoir was found to be economically infeasible
and its construction will not be recommended by the Corps of
Engineers at this time, This report has been prepared in
accordance with provisions of the Fish and Wildlife Coordin-
ation Act (48 Stat. 401, as amended; 16 U,S.C. 661-666 inc.).
Effects which the project is expected to have on figh and
wildlife resources are set forth. Measures which should be
incorporated in project plans to mitigate or compensate for
fish and wildlife losses are described.

Findings and conclusions are based upon engineering data made
available by the U. S. Army Corps of Engineers, New England
Division,
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FONTQOK PROJECT .

INTRODUCTION

We understand that the multiple-purpose Pontook Dam and
Reservoir is designed for flood control, hydroelectric
power production, and recreation., This reservoir will
replace the small existing Pontook Reservoir., The
project located on the Androscoggin River upstream from
Berlin, New Hampshire, consists of a main dam and a
reregulating dam.

DESCRIPTION OF THE AREA

The Androscoggin River is formed by the junction of the
Magalloway and Rapid Rivers at Errol Dam on Umbagog Lake,
New Hampshire, It is one of the larger New England rivers
carrying waters from Maine, New Hampshire, and Canada.

The drainage area upstream from the dam site totals 1,215
square miles., Trom its head, the Androscoggin River flows
south to the village of Gorham. Here it turns eastward
into Maine. Upstream from Livermore Falls, Maine, the
river turns southward again to its outlet in Merrymeeting
Bay, eight miles downstream from the head of tidewater at
Brunswick, Maine. The total length of the river is about
169 miles. Between Umbagog Lake and tidewater at Bruns-
wick the river falls a total of 1,245 feet in 161 miles,
an average slope of about 7,7 feet per wmile. Steep
gradients are found at Berlin, New Hampshire, where the
river drops some 240 feet in 2.5 wiles, and at Rumford,
Maine, where there is a fall of 180 feet in 1.6 miles.

In the 18.0 miles between the existing Errol Dam down-
stream to the site of the new Pontook Dam the river drops
100 feet,

As measured at the Errol, New Hampshire, gauging station,
the average annual stream flow is 1,890 cubic feet per
second (adjusted 53-year records)., Maximum instantaneous
stream flow data are not available prior to December 9,
1943, The maximum daily flow recorded since that date is
15,700 cfs, No data are available on the minimum daily
discharge because leakage occurs when the gates in the
Errol Dam are closed.

An agreement between the Union Water Power Company that
operates the Errol Reservoir and several downstream

users provides, insofar as possible, for a winimum flow

of 1550 cfs at Berlin., Since 1929, flows below the desired
minimum have occurred occasionally.

Several small tributaries join the Androscoggin River within
the project area. Mollidgewock, Smokey Camp, Island, Bear,
Bog, Sessions, and Robbin's Brooks and Chickwolnepy Stream
are the most important of these.

2
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The entire Androscoggin system is noted for the multitude of
water use projects., Water levels in virtually all of the
large lakes upstream from the Pontook Dam site have been
raised by outlet dams designed for water storage. The ex-
isting Reservoir provides log storage. There are eight small
existing power development projects on the Androscoggin River
in the vicinity of the project. TFour of these privately-
owned dams are located at Berlin, New Hampshire and four down-~
stream from Berlin,

The general topography on the upper Androscoggin consists
of complex mountainous and hilly uplands dissected by many
narrow valleys. Flats of various widths border the river
and larger tributaries., FElevations range between 1,000
and 2,000 feet., Hillsides are steep and rocky. The ex-
tremely variable soils of the valleys and lowlands,
largely outwash deposits of sand, gravel, silt and clay,
are generally unsuited to intensive agricultural use.

Most of the project area is forested. Relatively pure
stands of conifers account for about half of the total
woodland: mixed hardwoods and conifers, hardwoods, and
alder swamp cowprise the remainder. All stages of forest
succession are represented as the result of lumbering and
pulpwood operations. Hayfields and farmlands (often
abandoned or fallow); open swamps, and water account for

- the bulk of the unforested acreage.

The humid, continental climate is characterized by short,
cool summers, long, cold winters, and frequent but short
periods of heavy precipitation. Average annual precipi-
tation is about 38 inches distributed rather uniforumly
throughout the year. Mean wonthly temperatures at Berlin,
New Hampshire vary from 66° F. in Julv to 15° £. in Janu-
ary. Extremwes range from highs above 90° F, to lows of
wminus 40° F,

The upper Androscoggin Basin is sparsely populated. Coos
County in which the project is located has a total popu-
lation of 37,000, Berlin, with a population of about
18,000, is the principal community located near the dam
site and the largest town in the upper basin. Extensive
forest lands have fostered the development of lumbering
activities which are of primary importance here. Produc-
tion of pulp, paper, and allied products constitutes the
principal industrial activity. Agricultural activities
are of limited economic iwmportance in this area. The
sparse population and the outstanding scenic features of the
project area make it one of high esthetic value.,



The Berlin National TFish Hatchery, Milan Hill State Park,
and sections of the White Mountain National Forest are
located in the general vicinity of the project.

PLAN OF DLEVELOPMENT

Engineering Features

The dam site is located in New Hampshire on the Androscoggin
River about twelve miles upstream from Berlin and about one
mile downstream from the existing Pontook Dam. The existing
low dam, now holding a pool at about elevation 1158, will be
inundated, The assumed project life is 100 years. The mini-
wum power pool. at elevation 1182 will flood 2,950 acres.

The maximum power pool at elevation 1212 will have a surface
area of 6,500 acres, a maximum depth of 88 feet at the dam,
and will inundate about 15 miles of the Androscoggin River,
(including the existing reservoir) to a point 1/2 mile
upstream frow Mollidgewock Brook. The maximum flood con-
trol pool at elevation 1220 will cover 7,470 acres and
extend upstream to the wvicinity of Errol, New Hampshire.
Table I summarizes the pertinent reservoir data. All trees
will be removed from the reservoir up to elevation 1212. We
understand that above the waximum flood pool, a 500-foot
wide strip will be acquired in fee simple in portions of the
project area, in accordance with recommendations of the Bu-
reau of OQutdoor Recreation, This strip will extend upstream
to Mollidgewock Brook on the east and Pond Brook on the west
side of the reservoir,

The dam will be of the rock-fill type, approximately 2,000
feet long, with a top width of 25 feet, and a maximum
height of 115 feet, An intake tower will be located imme-
diately upstream on the east abutment of the dam. Intakes
will be protected by trash racks, Water velocity at these
racks will be less than two feet per second. The spillway
will be located on the east bank, and a powerhouse will be
located on the east bank immediately downstream from the
dam,

Outlet works will consist of penstocks, a flood control
outlet, a log sluice conduilt, and spillway. The two
32-foot diameter penstocks, with sill elevations of

1130 feet, will pass under the dam., This sill elevation
will be 82 feet below the surface of the maximum power

pool and six feet above streambed elevation. The gate con-
trolled penstocks will terminate at the powerhouse. The
gate house for the log sluice conduit will be attached to
the east side of the intake tower, with the sill elevation
of the conduit at elevation 1184,
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Table 1, Pertinent data for Pontock Reservoir

Elev. Surf. Capacity  Shore~ Miles of Stream Inumn-
(ft. Area (ac,/ft.) line dated Main stem Trib-

Pool MeS.1l.) C(ac.) Miles utaries;/

Flood Control Pool 1220 7,470 238,000 56 18 15-1/2

Maximum Power Pool 1212 6,500 180,000 43 15 11

Minimum Power Pool 1182 2,950 39,000 31 11 7

Streambed at Dam 1124 p. mm—— - - -

16, A low downstream reregulating dam and reservoir will be constructed.
We understand that the site for this dam is about four miles down-
stream from the site of the new Pontook Dam., A small power plant
will be constructed at this dam to utilize the releases for power
production. Pertinent data for reregulating dam are given in
table 2,

17, Table 2, Pertinent data for the Pontook reregulating reservoir.

Elev, Surf,. Capacity Shore- Milles of Stream Inun-
(ft, Area (ac,/ft.) line dated Main Stem

Pool M, 8,1.,) (ac,) Miles Tributaries

Maximum Pool 1118 690 9,300 6.0 3.5 1.5

Minimum Pool 1112 530 5,200 5.5 3.5 1.5

Streambed at Dam 1084 cae  mamsa - e S ———

18. Operation

During the recreation season, the power pool of the Pontook
Regervoir will be held close to the maximum elevation, normal
daily fluctuations being less than one foot. The average
annual fluctuation of the power pool will be about ten feet,
It is expected that the maximum drawdown of about 28 feet will
occur annually during the spring season; to be refilled with

snow-melt run-off. Normally, power will be generated about 2,2
hours per day during late afternoon and morning periods of peak
demand. When, power is being generated, discharges from the Pon-
took Dam will be about 23,000 cfs, 'The remainder of the time the
penstock gates will be closed, aund the discharge due to leakage
and seepage from Pontook Dam will be 75 cfs,

1/ This segment Includes 5 wiles of stream inundated by existing
Pontook Reservoir,
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It is expected that about half of the flood storage
capacity will be used once in 5 to 10 years, and that
the entire flocod pool will be used in 35 to 40 years,
Some flood storage will usually result from the spring
runoff.

The reregulating dam will have a single-cycle maximum daily
fluctuation of six feet, It will provide a continuous min-
imum downstream flow of 1675 cfs. The depth of the rereg-
vlating reservoir insures a continuous pool extending to
the foot of the Pontook Dam. The peak=-period operation for
the Pontook Dam will result in violent water surges in the
reregulating reservoir, When the penstocks are opened,
there will be an extremely rapid rise in water 1levels of
about six feet in the reregulating reservoir waters iwmme-
diately downstream from the powerhouse., When this wave
reaches a point widway in the reservoir, it will have sub-
sided to a height of about two feet. When the surge
reaches the reregulating dam, approximately 15 minutes
after the penstocks are opened; the wave height will be
less than a foot. Thereupon; an upstream resurge is an-
ticipated,

Water releases from the Lrrol dam and the upstream storage
will be used to stabilize the Pontook Power pool.

FISHERY SECTION

Without the Project

That segment of the Androscoggin River affected by the
project from Errol to the Berlin airport supports both a
warm and a cold-water fishery. The existing Pontook Res-
ervoir, a shallow impoundment, having a waximum depth of
about 15 feet, extends upstream to the mouth of Bog Brook
and covers some 543 acres. It supports a warm-water fish-
ery consisting of excellent populations of chain pickerel
and brown bullhead, Yellow perch, pumpkinseed, suckers,
and varicus species of winnows are found in small numbers.
Fishing pressure, largely by local sportsmen, is light,
The present average annual fisherwan use in the existing
Pontook Reservoir is estimated at 1,100 man-days. The
1951-52 creel census indicated that brown bullhead and
chain pickerel accounted for 81 percent of the catch,
Projected over the period of analysis the reservoir
fishery will average 3,300 fisherman-days annually.

Within the area of project influence is an excellent cold-
water stream fishery, one of the finest remaining in the
State. Approximately nine miles of this fishery are found
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in the Androsccggin River between the present Pontook
Dam downstream to the Berlin airport, where pollutants
enter the river, Upstream from the headwaters of the
present reservoir, the stream fishery extends 11.5 miles
on the main stem to elevation 1220 (town of Errol). A
total of 4.5 miles of tributary stream fishery which also
provide excellent fishing are included in the area of
pro ject influence below elevation 1212. Three miles of
the tributary fishery are upstream and 1.5 miles are
downstream from the present reservoir. Thus 20,5 miles
of main stem stream fishery and 4.5 wiles of tributary
stream fishery lie within the area of project influence.

These waters support rainbow, brown, and broock trout, and
a few landlocked salmen, species wuch prized by sports-
men, The wide fast-running stretches of the wain stem
above and below the existing reservoir represents about
half of the remaining 50 miles of superlative cold-water
stream fisheries in New Hampshire, The clear, clean
riffles and pools are bordered by miles of unspoiled
forest, The upper Connecticut River is the only other
stream with cowmparable esthetic values and quality of
fishing in the State., DNams and pollution have already
destroyed most of the once abundant large-stream trout
and salmon fisheries of New England.,

The upper Androscoggin has spawning areas for resident
fishes and natural reproductlon provides an important
segment of the angler catch., These same spawning areas
are suitable for Atlantic salwmon, an anadromous species
long barred from the Androscoggin by dams and gross pollu-
tion beginning at Berlin and extending to the ocean. The
State supplements the natural reproduction with regular
releases of brook, rainbow, and brown trout and occasional
releases of landlocked salmon,

Current stream-fishing pressure is woderate, a reflection
of relative remoteness from population centers., An appre-
ciable number of the anglers are either from distant
points in the State or from other States. The 25 miles

of cold-water stream fisheries within the area influenced
by the project support a present fishing pressure of about
6,600 fisherman-days annually, Creel census data for
cold-water fishing were gathered upstream and downstream
from the existing Pontook Reservoir in 1951-52, It was
found that trout constituted' about 94 percent of the catch.
Because of an expanding fishery management program, the
fishing success is considerably better today,

It is estimated that over the period of analysis the
excellent stream fishery will provide an average of 18,600
fisherman-days annually., This man-day utilization is
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divided as follows: 3,800 within the flcod storage pool
{elevation 1212 to 1L220), 11,700 between the reregulating

~dam and top of waximum power pool (elevation 1084 to 12125,

and 3,100 downstream from the reregulating dam, The great
esthetic value of the stream fishery cannot be measured by
any known yardstick: it is both outstanding and irreplaceable,

With the Project

The swall warwn-water fishery in the existing shallow, 543
acre reservoir will be inundated by the new Pontook Res-
ervoir having an area of 6,500 acres (maximum power pool)
and a muach greater depth. Initially, the large new Pon-
took Reservoir will suppert a substantial cold-water
fishery. The much greater depth of this reservoir, as
Lompared to that of the existing pool, will result in
lower sube-surface ws ter temwperatures,

Based on the water level fluctuations predicted by the

" Corps of Engineers the Pontook Reservoir will permit a

medest fishery wmanagement program involving releases of
saiwmenoid fingerlings by the State. New Hampshire, however,
ceuld not afford continuing management of a put-and-take
trout fishery since the stocking required for an accept-
able catch rate would account for nearly half of the State's
current hatchery production.

prerlence irdicates, moreover9 that warm- water spe01es
will become dominant in the reservoir within a few years
despite any practical management for cold-water species.
A relatively stable two-story fishery would then be es-
tablished., Warm-water species, principally chain pick-
erel, brown bullhead, and yellow perch would account for
mest of the fish population and the catch, The limited
coid-water habitat would be determined by the depth and
resulting area of the thermocline, Approximately 2,200
acres of the maximom power pool with waters less than 20
feet in depth would be productive, Future warm-water
harvests would approximate present success (.74 fish per
hour cf effort)., The catch of cold-water species would
be dependent Largely on the stocking rate.

The expanded lake-type fishery will provide an annual
vtilization of 17,600 fisherman~days (predominantly a
warm-water fishery) over the life of the project.
Althcugh this represents an increase of 14,300 fisher-
man-days in lake~type fishing, it does not mitigate the
less of the stream fishery since the reservoir fishery
is gained at the expense of a much superior and irre-
placeable stream fishery.
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Three miles of coldewater stresm fisheries {main stem)
zbove elevation 1212 {(top of the waximuwm power pool)
will cccasionally be covered during floodwater storage.
No reduction in the without-the-project fishery of
3,800 fisherman-days is expected in this stream segment.

A total of 17.5 miles of cold-water stream fishery will
be inundated and destroyed by the Pontook Reservoir and
the reregulating pool, resulting in an average

loss of 11,700 fisherwman-days annually of high quality
stream flshery. Salmen and trout spawning areas within
the power pool will be flooded and destroyed.

Unlike the new Pontook Reservoir, the reregulating res-
ervolr will not provide a fishery. The violent daily
or twice-daily water surges released into the reregu~
tating reservoir as a result of peaking power production
will be unsafe for fisherwan utilization. TFTurthermore,
powerful wave and current action will be damaging to all
aquatic life, making it highly iwmprobable that a fishery
could be established regardless of fisherman safety con-

‘giderations.,

The releases from the reregulatlng reservoir will be too
deficient in oxygen tov waintain a significant stream
fishery in the 4,5 miles downstream to Berlin airport.
Turtherunore, during the spring and early summer period
the released waters will be too cold (less than 45°) to
support a significant fishery at that time even though
digsolved oxygen was adequate, The loss in this stream
segwent will awount to 3,100 fisherman-days annually.

The streawnm fishery under project conditions will be
limited to 3,800 fisherman-~days in that stream segwent
between the top of the power pool and the top of the
flood~contrel pocl, ALl the remaining high quality
stream fishery amounting to 14,800 Zisherman-~days annu-
ally will be destroyed by the project, I‘urthermore9
within the enlarged reservelir, streambed spawwﬁng areas
for salmoncid species will be destroved. Finally, a
stgnificant segment of the rare and irreplaceable
aesthetic value of the wide, swift-flowing Androscoggin
Diver wili be lost.

WILNLITE SECTION

Without the Project

Land use and cover types in the project area provide good
big game and upland game habitat (table 3). Cultivated
and cleared land is confined chiefly to the valleys: pure
stands of conifers to ‘the valleys and lower slopes.
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Tablie 3, Cover and land use occurring withiun the Pontook
' and reregulating reservoir areas 1/

Type Acreage Percent
Forest : 3,952 T 48
Swanp 2/ 1,915 24
Water 1,023 13
Roads, building sites, development 160 2
Cultivated or cleared land 1,074 13
Totals 8,160 T00

l/ Includes te el, 1220 (full flood pool) for the reservoir;
to el. ill8 {mwaximum pool) for the reregulating pool.

2/ Includes forest swamp, alders, etc.

Virtually all of the wildlife species indigenous to central
and northern New Hampshire are found in the area affected

by the project flood pool and reregulating reservoir, Bi
game is the wost important category of wildlife. Whitetail
deer is the principal species but there are some black bears
and a few mcose, Bears are usually taken during the deer
seasor, but the moose is a protected species., This is ex~
ceptionally good deer range containing vital wintering yards,
esgsential fer deer survival in these latitudes. These

yvards encompass scme 4,000 acres of wmature softwood stands,
interspersed with hardwood browse species. The yards support
a winter herd having a miniwmum population of 700 animals.
During warmer seasons, this herd ranges over a wide area out-
side the general project area, The deer population has
reached the carrying capacity of the winter range,

This herd, plus the annual increment c¢f fawns, will yield
an antnual harvest of about 350 animals, and provide an es-
timated 10,000 man~days of hunting over the period of
analysis., This represents comparatively heavy hunting
pressure and is the result of good yvear-round deer habitat
and adequate rcad access, Today about half the hunters are
local sportsmen and it is expected that local hunters will
comprise about the same proportion of the future hunter
population. :

Small numbers of snowshoe hares are found over most of the

ared., Hunting pressure is relatively heavy in the limited
sectors where the hare 1s common or abundant. There is a

10
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considerable acresage of good wosdeock range. Breeding
grounds and other seasonal habitats are available in the
alder swamps and small copenings. Ruffed grouse, sube
jected to moderate hunting pressure, are present in fair
numbers, Uplandw«game hunting is pursued principally by
Llocal niwrods,

It is estimated that current hunting pressure for all
upland~game species totals 600 man-days per year but
heavier utiiization by hunters is expected. The average
annual utilization of the resource over the next hundred
vears is estimated at 1800 hunter-days.

Fur bearers include muskrat, otter; mink, bobcat, beaver,
fisher, raccoon, red fox, weasel, marten, and skunk.
Muskrat, mink, and otter provide most of the fur harvest.
feaver have an excellent but largely unrealized potential,
Trapping pressure is variable but generally light. The
present fur harvest yields about 400 wmuskrat pelts, 25
beaver, 10 wink, 5 otter, and a scattering of other species.
There has been a gradual upward trend in fur prices leading
to an increase in harvests, Over the project life the
average annual fur harvest is expected to double that of
today.,

The project area contains one of the more iwportant and
extensive waterfowl areas in northern New Bampshire, a
regicn with a paucity of good waterfowl habitat and
huntable duck populations., Relatively swall numbers of
virtually all waterfowl species found in the Atlantic
Ilyway breed on or use the Pontook area during migration.
Black ducks and wood dacks are most common. Meager census
data indicate that current hunting pressure is light and
lLargely dependent upen breeding success during the preced-
ing season. The Poutook area presently supports, directly
and indirectly, about 150 waterfowl hunter-days. lLocal
hunters on the Pontook account for about two-thirds of this
total whiie hunters in the wore southerly regions account
for the remaining 50 hunter-days. Annual waterfowl utili.
zation over the pericd of analysis 1s estimated at 450 hunter
days, '

With the Project

Approximately 6,400 acres of terrestrial habitat will be
totally lost in the two reservoirs due to inundation.,
About 760 additional acres above the power pool will be
subjected to occasional flooding, but this will not sig-
nificantly ailter the habitat or affect the wildlife re-
sources within the flood pool., Virtually all land use
and cover types except upland forest are represented in
the acreage to be inundated,

11
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Major damages. will be csused o The Ltaundation of 4000
acres of deer wintering haiiitz ., The wintering vards

are vital during the critical coldeweather period. Dis-
placed deer cannot move to other suitable wintering areas
because the remaining yards are already fully urilized.
With the project the wintering deer herd will be reduced
to about 110 animals which will provide 1600 hunter-days
a loss of 8400 hunter-days annually,

As in the case of the deer herd, the displaced upland-game
populations cannot be superimposed on those existing out-
side the project area since upland game commonly fills the
existing habitat to the liwmits of the carrying capacity.
Furtherwore, an iwmportant segment of upland-game habitat,
notably alder thickets,; openings, and field borders, is
confined largely to the lowlands which will be inundated,
Under with-the-project conditions the project area will
provide about 300 wan-days of upland-game hunting. This
is an annueal loss of 1500 hunter-days.

With the project a cowmparatively small acreage of good to
excelilent fur-animal habitat having relatively stable

water levels wili be inundated. In its place a much
greater acreage of poor to fair habitat will be substituted.
The latter will be characterized by daily water level fluc-
tuations of about cne foot, The net result will be a re-
duction in the average annual fur harvest amounting to 50
percent of that expected over the same period witheut the
prcject,

The project will have wore serious effects on waterfowl,

A total of 115 acres of excelient waterfowl warsh and

swamp having relatively stable water levels will be
destroyed by inundatiomn., A larger acreage of existing
pocrer habitat would alsoc be flooded., The latter will be
replaced by a more extensive but even poorer habitat
created by the new impoundment, The new Pontook Reservoir,
as contrasted to the existing reservoir, will be subject to
both daily and seasonal water level fluctuations, a situ-
ation not conducive to nesting or to any significant pro-
duction of aquatic waterfowl foods., The larger but rela-
tively barren reservoir will attract fewer migrating and
nesting birds than will the existing pool. With the pro-
ject the mwan-days of waterfowl hunting will be reduced to
150, amounting to a loss of 300 hunter-days annuvally.
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Fishggz

There is no way tc wmitigate the 11,700 fisherman~days

of superior quality stream fishery that will be inundated
by the Pontocok Reserveir and the reregulating reservoir,
As was pointed sut earlier, the increase in reservoir
fishing will not mitigate the lost stream fishery., A
portion of the 2,100 fisherman-days which will be lost
downstream from the reregulating dam can be recaptured.
This will require oxygenaticn of the released waters and
adequate public access to the downstream segment of the
river. Aeration and access must go hand in hand since
one without the other will not produce a significant
fishery., Unfertunately, there appears to be no practical
way to further wmitigate the Lloss by providing releases of
warimer water early and late in the season.

Released waters should have a dissolved oxygen content of
at least six parts per wmillion., Downstream public access
should be provided by acquiring in fee at project cost a
100-foot strip of land along each bank of the river from
the reregulating daw to the Berlin airport, a distance of
four mites, Tt is estiwmated that this would cost $10,000.
Three one-acre graveled parking areas with boat rawp should
be constructed and maintained as a project cost, Con-
struction and annual maintenance costs for each facility
are estimated to be $6,000 and 3250, respectively, If
public avcess is net provided, there is good reason to
believe that eventual development of the stream bank for
building sites will ccour, Should this happen the State
would neither manage nor stock this segment of the river,
The approximate parking area locations are shown on plate
I. At the first site upstream from Berlin airport an

area should be constructed on each side of the river, It
is p0831b1e that further plannlng may indicate the ad-
visability of woving the site nearest the dam farther down.
stream for better access,

With provision for oxygenated water releases and public
access as described above, the river downstream from the
reregulating dam to Berlin airport will support 2,300
fisherman-days of stream fishing from wmid-summer until
fall, This, added to the undestroyed stream fishery in
the flood control pool segment of the reservoir, makes
6,100 fisherman-days, leaving an annual loss of 12,500
fisherman-days of high quality stream fishery,
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Nine one-acre graveied fishermsn narking areas with a
launching ramp at severn areas snoulid be constructed and
maintained around the Pontcok Tleservoir at the general

‘locations shown on plate 7. Tt 1is estimated that the

cost of the parking areas will average 36,000 apiece and
have an annual maintenance cest of 3250 each, While some
space should be provided initially at each sarea indicated,
full development can be spread over several years as the
demand warrants, DPlans for maximum angler use should be
included in the Master lLand Use Plan for the reservoir,
Providing parking areas and boat ramps for anglers will
increase the average annual use of the reservoir by

44200 fisherman-~days, making a total annual use of

21,800 fisherman-days., Darking space required for fish-
erman use is in addition to that required for general
recreaticn, i

Figh screens or other protective barriers should be in-
stalled around the penstock intakes since the suction re-
sulting frow the 23,000 cfs flow will be appreciable.

The screens snould have a clear space between bars of one
inch. Possibly the fish scereen could be combined with the
trash rack,

Fish passageways over tne dams are not recommended at
present., Restoration of anadrowmous fish in the Andros-
coggin is dependent on control of tne gross pollution
found between Herlin and the sea and on the installation
of fish ladders at the many downstream dams and Rumford
Falls, Uaters above the Pontcok project are also dammed
and it is doubtful if the upstream spawning potential for
sea-run salmen would Jjustify a fishway at the Pontook dams.
There is a possibility, however, that a fishway for trout
and landlocked salmon will be needed in the future. Post-
project studies way reveal a better cold-water fishery in
the reservoir than is anticipated., 7Tn such case, pollu-
tion contrel in and below Berlin could open many miles of
downstream spawning grounds for trout or landlocked salmon
in the reservoir. Tcr these reasons,; project plans should
provide for the future construction of fish passage fa-
cilities at both the main dam and the reregulating dam.

wildlife

Deer wintering yard losses should be witigated by the ac-
quisition, development and maintenance of 11,800 acres of
land as 'shown on plate 1, Most of these lands are adjacent
to the reservoir,

Genersal recreational use of part of the area during the
summer would not seriously conflict with the wildlife needs.
Careful planning would eliminate any major conflicts of
interest whereby camp sites might be developed in deer yards.,

14
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The digaorvenancy betwaen acreaz. ot deer vards flooded
and aureage of hand veguired for wivigation is attribu-
tanle o the {act that Lands available for purchase are
elther uplands of Littie current value as wintering
habitat or they sre rewnants of existing wintering vards
which wili be Fiooded by the project., The uplands are
not sui*abLe yvarding aveas at present and the deer-
carrying capacity of ex1st1nv yvards has been reached.
Thus, neither the uplands in their present state mnor the
remnants of exisiing yurds can support those deer forced
cut cf the reservoir area. <Consequently, a greater
acreage of less desirable land must be acquired and de-
veloped 1n order te witigate the smaller acreage of ex-
celient deer yards,

Development proceduares would include selective cuttings,
seedings, arnd nerhaps fernoing. Netalls should be worked
out a3t & Later date with the New Hanpshire Fish and Game
Nepartment, Foliowing development,; which will require

20 to 472 yvears, it is expected that the project will pro-
duce an average cf 9,650 hunter-days annually9 leaving

a net leoss of 35C days of deer huonting, Mitigation of
the lost bigegame resource is not expected to signifi-
cantly affect the upland-game resource, It is estimated
that land acquisition costs for big-game wmitigation will
amount te 3540,000, Teveloepment costs and annual oper-
ation and maitntenance costs are estimated at 350,000 and
$5,000, respectively., The New Hampshire Tisn and Game
Department will undertake the work of development,
operation, and malatenance and should be reimbursed for
the cost ¢f this work, Relwbursement should be & Federal
pProject cost.

Waterfowl hunting losses will require witigation. The
Moliidgewock Brook area iwhich is included in lands that
would be acquired for deer mitigation) contains potential
waterfowl habitat, Uarerfowl losses can, therefore, be
mitigated by the construction of a shallow wmarsh on
Mollidgewock DBreok, The marsh should have .an area of
about 110 acres when filled, and range up to three feet
in depth, A Low dam would be required., This structure
should include a water-control facility whereby the im-
poundment can be drained cor held at any intermediate level,
The developed waterfowl marsh would replace the existing
habitat that will be inundated., The new marsh would pro-
duce some ducks, as does the present habitat, Tt would
also furnish food for wigrating birds, proloaging their
stay, and providing an estimated 1,000 waterfowl hunter-

days anncallyv. The increase of 550 hunter.days over the

without-the-project figure will compensate for the lost
upland-game hunting opportunities.



o~ 59, The estimated construction ceost for trthe low dam and
access road is $49,000; annual operation and maintenance
costs are estimated at 32,500, Operation and mainten-
ance work will be undertaken by the New Hampshire Fish
and Game Department. The Department should be reimbursed
for the cost of the work with Federal funds as a project
cost,.

60, The lands and waters within the Pontook Reservoir project
except those areas which may be reserved for intensive
development of general recreation or for safety, efficient
operation, or protection of public property,; should be
made available for administration by the New Hampshire
Fish and Game Department under a General Plan for Fish
and Wildlife Management in accordance with provisions of
the Pish and Wildlife Coordination Act. .

6l. Table 4 summarizes the fishery aspects of the project
without and with witigation.

Table 4. Summary cf the project effects on fisherman use
without mitigation, with witigation, and with
reservoir access and parking facilities,

Fisherman~days
B (a) (b) (e dy )
Type of | Without with with o1/ With reservoir Difference
fishery | project project Mitigation access & parking (d)-(a) &
facilities (c)-(a)
Reservoir{ 3,300 17,600 e 21,800 18,500
Stream 18,600 3,800 6,100 e ~12,500

1/ Oxygenating releases from reregulating dam (6 ppm), and parking
areas and access to downstream river banks,
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Table 5 summarizes the wildlife aspects of the project
without and with mitigation.

Table 5.

Summary of the project effects on hunter use
without witigation and with witigation,
Hunter-days
Wildlife Without With With Difference
category project Project mitigation (e)-(a).
Big game 10, 000 1,600 9,650 -350
Upland
game 1,800 300 300 Ml,EOO&/
: 1

Waterfowl 450 150 1,000 550

1/ The additional waterfowl hunter-days will compensate the
lost upland game resources,
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We have roviewed your draft of your comservetion and development
repovt on the figh and wildlife resources assccrated with the
Androaascoggzia River Basln Project in New Hampshire and Maine.

Inasuuch as the Hale Reservoir hes been deleted from consideratlon,
and since che Pontook Aves {s the only other one involved, and
that i3 entlrely in New Hampshire, we find that there is nothing
ia the report of concern to the State of M&ine, and I therefore,

approve the report as written.

3hould there be any changes or plans for this Basin in the

future, I would be pleased to be informed.

RYG: fam

Rodaald T.
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December 1, 1964

Mr. Eart T. Walker

keting Regional Supervisor

Branch of River Basin Studies

Bureau of Sport Fisheries and Wildlife
59 Temple Place

Boston, Massachusetts 02111

Dear Mr. Walker:
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This acknowledges receipt of the reviewsd drafis
relative to the conservation and development report on
the fish and wildlife resources associated with the Andro-

scoggin River basin project,

while we agreé with the report as a whole, we have

certain minor scorrections to suggest,

On page 3, paragraph 2 the report points ouvt that there
will be an oxygen deficiency in the stream below the re-regu-
lating dam resulting in a loss of 4,800 fisherman-days,
leaving only 3800 fisherman~days of fishing. We believe that
if sn oxygen deficiency for salmonoids develops in a stream
due to an oxygen deficiency in the reservoir above it there
zould be no salmonoid fish either in the stream or tha reser-
voir abowe. If our reasoning is correct here, paragraph 2,

page 5 wouid atso have to be adjusted.

On page 5, paragraph b the report calls for 2'x2'* mesnh
screens, We find it difficuit to see how that size screen

could reduce fish losses to any extent.

Page 10, No. 33 in the substantiating portion of the re-
por+t should indicate that the destruction of salmonoid spawn-
ing areas would also include that of trour,

Ko. 35, page Y0 - we wish to point out again that if

Fors iaoan oxygen aeticiency a: the re-regulating dam, then
pieoanre wiil hold fiue beluw the thermoecline “n tha aain pool

ahUboynuid tonsequent Ty e e oot any salnones T aning the o



Wr. Gorl T. Malber Daticer ¥, 1984

" No. 53 on page 17 again'talks about a 2'' x & mesh screen
which seems impractical to us.

On page 18, No. 5&, line 4 the word "“several' should be
changed to ‘20 to 40.%

We also wish to point out that the maps showing the pro-
posed acquisition of existing deer yards are not inclusive -
enough - they should include the entire varding area.

Sincerely yours,

phad R Sl

-1 Ralph G. Carpenter, 2nd
Directer

RGC:eem



APPENDIX I

OTHER PROJECTS STUDIED



FOREWORD

This appendix prlesre-nts feafures of prelirnina.ry design and
estimates of cost for watex resﬁurce development projects studied
for the Androscoggin River basin but not recommended since they
were not economically justified at this time., Annual costs and benefits
are based on the previous.interest rate of 3,0 percent. Use of the
current interest rate of 3-1/8 percent would not significantly change
the amounts or the benefit-cost ratios. The appendix is divided into
two parts:

Partl -~ Dams and Reservoirs

Part II - Local Flood Protection Projects
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APPENDIX T
PART I - DAMS AND RESERVOIRS .
1. INTRODUCTION

Over 50 sites were considered for possible flood control and
multiple-purpose dams and reservoirs. Of these, over 20 were
eliminated early in the preliminary,ihve_stigation because the benefits .
creditable were obviously insufficient to warrant additional studies.

About half of the remaining 30 sites were considered in a prior survey
report of 1938 and in the New England-New York Inter-Agency Committee
report of 1955, . By updating and using the maximum value assigned to
flood control storage per acre-foot from the latter réport, it was possible
to determine which reservoir sites had sufficient economic justification

to Wgrran’c a more detailed study. The storage value _'for'any, site was
based on a hydrologic analysis of the flood potential of the basin; the
existing reservoir storage in the basin; newly acquired flood damage data;
and an assumed flood control storage of-at least 6 inches of runoff from
the intercepted drainage area. Based on preliminary estimated costs and
economic data compiled for the 30 remaining reservoir sites selected for
investigation, it was found that 11 sites were worthy of detailed study.

Of these, the Pontook prOJect was found economically justified and is
furthe;r described elsewhere. in.this report. In evaluating the various
projects, consideration was given to including facilities for hydroelectric
power. generation, water supply, recreation; and fish and wildlife enhance-
ment. The following paragraphs describe the reservoir projects studied
in some detail but not recommended The Hale and Ellis Dams and Reser-
voirs were studied in more detail since these progects showed the most
promise of being economlcally Justlfled A summary of pertinent dam and
reservoir data is given in Table J-1 at the end of this appendix.

2. HALE PROJEGCT

a. General, Two plans were considered -- one for fleod controel
only, the second for multiple-purpose flood contreol, power, and recrea-
tion. The latter provided the higher benefit-cost ratio and is described
in the following paragraphs. Pertinent data for both plans are shown in
TableI-1,



b. Main Dam and Reservoir.

(1) Description,

(a) Dam. The Hale damsite is located on the Swift River,
approximately 2 miles above its mouth, in the town of Mexico, Maine.
The dam, for multiple-purpose use, would be of rolled earth-fill, ap-
proximately 2, 800 feet long, with a maximum height of 255 feet above
the river bottom, and a top elevation of 784 feet above mean sea level.
A chute spillway with a concrete ogee weir; 220 feet long and crest at
elevation 763, would be located in the west abutment, A powerhouse -
would be located at the downstream toé of the dam, with a penstock in-
take works, containing an 18-foot by 16-foot bulkhead gate, at the up-
stream toe, A 13,5-foot diameter steel-lined concrete conduit would
lead from the intake works to immediately above thie powerhouse where
it would split into two 83~foot penstocks and one 10-foot diameter con-
duit to the power plant. ' The 8%-foot penstotks ‘would be connected to
‘two 21, 000 horsepower Francis turbines. The 10-foot conduit would
be used to discharge flood control storage at a rate equal to bankful}.
capacity of the river, .

(b) Reservoir. The reserv01r at sp1llwa.y crest eleva~
tion 763 would be approxlmately 8 rnlles long, ‘have' a surface area of
3,800 acres, and a gross ‘capacity of 332,000 dcre-feet, The reservoir
would provide storage of 47,400 acre-feet'for fléod control purposes
between elevation 763 and 750, and 96, 600 acre-feet for power purposes
between elevation 750 and 714. A total gross head of 250 feet would be
developed between a power pool elevation of 750 and a tailwater eleva-
tion of 500 at the powerhouse, Generating facilities for 33, 750 kilo-
watts, in two units, would be installed in the powerhouse. The plant
would produce ‘about 31, 0 million kilowatt-hours annually at a capacity
factor of about 9 percent. Sufficient flood control storage would be
provided in the reservoir to store 8 inches of runoff from the tributary
drainage area of 111 square miles,

(2) Recreation, Land and water areas in and adjacent to the
reservoir would be developed for recreational activities and wildlife
conservation. Initial facilities would provide for swimming, picnicking,
camping, boating, hunting, fishing, and other water related uses.

c. Reregulating Dam and Pool,

(1) Description,
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{(2) Dam. Since there would be a need for control of the high
releases from the power house, a reregulating dam would be provided
abéut one mile downstream of the main dam. The structure would have
an overall length of approximately 1, 580 feet of which 190 feet is a
fixed-crest concrete spillway, and the remainder rolled earth fill, The
top of the dam would be at elevation 500 and have 2 maximum height of
52 feet. The crest of the spillway would be at elevation 486, A 24-foot
wide public roadway would be provided on top of the dam with a steel
girder bridge spanning the spillway, - '

(b) Pool., The pool at spillway crest elevation 486 would have
a surface area of 40 acres, and a gross capacity of 610 acre-feet. A low
flow discharge of not less than the present minimum flow on the river
would be provided through an ungated 42-inch diameter opening in the
spillway in conjunction with a 12-inch didmeter conduit through the em-
bankment in the river bed.

No improvements for the development of recreational
facilities would be provided for the pool area.

d. Project Cost.- The total cost of the multiple-purpose project is
estimated to be $31. 1 million with annual charges of $1,193, 000, Benefits
would total $912, 000, consisting of $183, 000 for flood control, $704, 000
for power, and $25,000 for recreation, giving a benefit-cost ratio of 0.8
to 1. ' ' '

3. MOOSE RIVER DAM AND RESERVOIR

The dam site is located on the Moese River about 3-3/4 miles above
its confluence with the Androscoggin in the town of Gorham, New Hamp-
shire. The project, for flood control only, would require a rolled earth
dam approximately 720 feet long, a maximum height of 120 feet, and top
at elevation 1, 250 feet above mean sea level. The dam would impound
8,500 acre-feet of flood control storage to control 8 inches of runoff
from the tributary drainage area of 20 square miles. The spillway crest
would be at elevation 1,231, The dam site is located within a narrow
rock gorge. A railroad which follows the river through the reservoir
area would require relocation. Modifications required in the project to
include hydroelectric power would include an increase in the height of
the dam to elevation 1, 260 and crest of spillway to elevation 1, 240. The
reservoir would provide a storage of 8,500 acre-feet for flood control
and 2,900 acre-feet for power purposes. A gross head of 72 feet could
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be developed between a. pool elevatlon of l 202 a,nd a. ta.:.lwa.ter elevation
of 1,130, Generating fac111t1es for 1, 500 k1lowatts would be installed in
the powerhouse.located at the downstream toe of the dam.‘ The plant
would produce.about 1.3 m11110n kilowatt-hours a.nnu@lly at a capacity .
factor of about 10 percent, The total cost of. the multiple-purpose project
is estlmated to be $3.6 million with a beneflt cost-ratio of 0.7 to 1.
The total cost of the project for flood control alone is estlmated to be .
$1.8 million with a benefit-cost ratio of 0.6 to l, There is no expressed
need at this time for water supply or water quality storage features.

4, PEABODY RIVER DAM AND RESERVOIR

The dam site is on the Peabody River, approximately 2 miles above
its mouth in the town of Gorham, New Hampshire. The project con-
structed for flood control alone would consist of a rolled earth dam a.p-
proximately 2,360 feet long and 160 feet high with top at elevation 1,081,
above mean sea level; a concrete spillway 229.feet long with crest at
elevation 1,062; and gate'd outlet works, The reservoir at spillway
crest would be 13 miles long, have a surface area of about 370 acres,
and a flood control storage capacity of 18,500 acre-feet, equivalent to
about 8 inches of runoff from the tributary drainage area of 43 square
miles, ‘About 23 miles of Route 16 would require relocation to higher
ground along the perimeter, of the reservoir. .The generation of hydro-
electric power was also considered for the prolect . Such a develop-
ment would require a dam with top at elevation 1, 119, a spillway with
crest at 1,100, and reservoir storage of 18,500 acre-feet for flood
control purposes, and 16,500 acre-feet for power purposes. A total
gross head of 138 feet.could be developed between a maximum pool
elevation of 1,058 and a tailwater elevation of 920 at the power house
located at the downstream toe of the dam. Generating facilities for _
6,000 kilowatts would be provided in the power house.. The plant would
produce about 5,4 million kilowatt-hours annually at a capacity factor
of about 10 percent. The project including flood control and hydro-
electric power is estimated to cost $12. 2 million and have a. benefit-
cost ratio of 0.6 to 1. A project considering flood control alone would
cost about $4..7 million.and have a benefit-cost ratio of 0,5 to 1,

5. WILD RIVJ‘*::R”bAM AND RESERVO,IR .
The dam- 51te 1s loca.ted in the White. Mountam Natmna.l Forest

on the Wild River about 4 miles above. its confluence, with the Andros-
coggin River in the township of Batchelders Grant, Maine. The project
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constructed for flood control alone would i'equire a rolled earth dam
about 1, 300 feet long and 125 feet high, The dam would provide 15, 700
acre-feet of flood control storage to control 6 inches of runoff from the
tributary drainage area of 49 square miles, Spillway crest would be at
elevation 960 and the top of the dam at elevation 975 feet, above mean
sea level. A secondary road within the reservoir area would be relocated
outside the limit of the full flood pool. To include hydroelectric power in
the project, the top of the dam would be at elevationl,015 and the crest
of the spillway at elevation 1,000, The reservoir would provide flood
control storage of 15,700 acre-feet, and 13,400 acre-feet of storage for .
power purposes. A gross head of 113 feet could be developed between a
headwater elevation of 953 and a tailwater elevation of 840 at the power
plant located at the downstream toe of the dam. Generating facilities for
6, 000 kilowatts would be installed in the powerhouse and would produce
about 5.0 million kilowatt-hours annually at a capacity factor of about 10
percent. The multiple-purpose project is estimated to cost $8. 2 million
and have a benefit-cost ratio of 6.9 to 1,0, A project constructed for
flood control alone would cost approximately $3, 2 million and have a
benefit-cost ratio of 0.6 to 1,0,.

6. ELLIS RIVER DAM AND RESERVOIR

The Ellis River dam site is located on the Ellis River approximately
one mile above its confluence with the Androscoggin River in the town of
Rumford, Maine, The project was studied for flood control alone and for
flood control in combination with recreation and hydroelectric power,

None of the studied plans is economically justified at this time. An eleva-
tion of 660 was determined as being the maximum permissible pool surface
to prevent flooding in the communities of Andover and East Andover, Maine.
The following subparagraphs briefly describe the projects studied.

a. Flood Control Only., The project would consist of a rolled earth
dam approximately 800 feet long, a maximum height of 56 feet, and a top
elevation of 671, A rolled earth dike about 2,500 feet long and 36 feet
high would be required to close a saddle in the perimeter of the reservoir.
A chute type spillway 450 feet long with crest at elevation 651 and gated
outlet works would also be provided. The reservoir impounded by the dam
would have a flood control storage of 70, 000 acre-~feet equivalent to 8
inches of runoff from the tributary drainage area of 164 square miles,

The total cost of the project is estimated to be $6. 3 million, with a benefit-
cost ratio of 0,8 to L,




b, Flood Control and Recreation, This project is similar to the
project described above except that the elevation of the top of the dam,
dike; and crest of spillway are each increased by 8 feet, and the length
of the dam and dike are increased by 50 and 380 feet, respectively. A
weilr with crest at elevation 642 would also be required for the regula-
tion of the recreation pool. The reservoir would provide a storage of
70,000 acre-feet for flood control and 40, 000 acre-feet for recreation.
The total cost of the project is estimated to be $7, 3 million, with a
benefit-cost ratio of 0,8 to 1.

¢, Flood Control, Recreation and Hydroelectric Power, The pro-
ject would require a rolled earth dam approximately 860 feet long, at a
maximum height of 65 feet, and a top elevation of 680, The dike would
be about 2,900 feet long and 45 feet high. A chute type spillway would
be 450 feet long and have a crest elevation of 660, A reservoir regula-
ting structure would be provided at the upstream toe of the dam. The
reservoir would provide a flood control storage of 70,000 acre-feet,
and 43, 000 acre-feet for power purposes., A gross head of 28 feet
would be developed between a pool elevation of 643 and a tailwater eleva-
tion of 615 at the power plant located at the downstream toe of the dam.
Generating facilities for 5,000 kilowatts would be installed in the power
house that would produce about 4. 0 million kilowatt-hours of energy
annually at a capacity factor of about 10 percent, The total cost of the
project is estimated to be $10, 3 million, with a benefit-cost ratio of
0.8 to 1. '

d. Change in Hydraulic Analyses. There are no official records
of flow on the Ellis River. Therefore, the discharge data available for
the Swift River - a tributary of the Androscoggin River approximately
7 miles to the east of and paralleling the Ellis River - was assumed
applicable for the study of this project. Upon completion of preliminary
investigations, it appeared that the project should be studied further
because of the relatively high degree of economic feasibility, Duringa
field survey of the project area, local residents questioned the value of
a flood control reservoir on the Ellis River, It was their opinion,
based on observation, that the rapid rise of flood waters on the Andros-
coggin River produced reverse flow in the lower Ellis River, thereby
reducing the Ellis River contribution to the main river flocod, Since
the discharge reductions assigned to a reservoir determines its
economic feasibility, further study on the project was deferred until
more field data could be obtained to determine the flood hydraulics
of the lower Ellis River., This phenomenon ig further described in
paragraph lla of Appendix B,
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7. RUMFORD DAM AND RESERVOIR
The Rumford project was 1nvest1gated for flood control alone and
for multiple-purpose use 1nc1ud1ng power and recreation, The dam site
ig located on the Androscoggln River 93 miles above its mouth in the
town of Rumford, Maine.' The project constructed for flood control
alone would require a structure consisting of a concrete spillway 1, 400
feet long and rolled earth abutments. The overall length of the struc-
ture would be approximately 1, 620 feet., The crest of the spillwé.y would
be at elevation 652, and the top of the dam would be at elevation 670 with
a maximum height of 62 feet, The reservoir created by the structure
would be approximately 20 miles long and would impound 237,000 acre-
feet of flood control storage to control 4.5 inches of runoff from the net
tributary drainage area of 988 ‘square riles below Errol Dam. A dike,
having an overall length of 3,000 feet and a maxiimum height of 35 feet,
would be required to close a saddle in the perimeter of the reservoir.
Bedrock is not available at the dam sité, The reservoir area consists
of farmland and woodland, = Approximately 22 miles of highways and 7
miles of secondary roads would require relocation and/or raising.
About 2 miles of railroad track would also require raising, There are
approximately 270 buildings within the full flood pool area including 3
churc¢hes and 5 schools. Two cemeteries containing approximately
2,000 graves require relocation. The modifications required in the pro-
ject to provide hydroelectric power arnd recreation would include increas-
ing the height of dam to elevation 693 and crest of spillway to elevation
675. A storage of 316,000 acre-feet, equivalent to 6 inches of runoff
from the tributary drainage area, would be provided for flood control
and 344, 000 acre-feet for power purposes, A gross head of 49 feet
would be developed at the power plant located at the toe of the dam.,
Generating facilities of 56, 250 kilowatts in the power house would pro-
duce about 74 million kilowatt ~hours annually at a capacity factor of
about 10 percent. The multiple~purpose project is estimated to cost
$57.5 million and have a benefit-cost ratio of 0.8 to 1,0, The project
for flood control alone would cost $20, 7 million and have a benefit-cost
ratio of 0,7 to 1.0,

8. ROXBURY DAM AND RESERVOIR

The Roxbury project was investigated for flood control only. The
dam site considered for this report is located in the town of Roxbury,
on the Swift River about 11 miles above its mouth. The dam approxi-
mately 2,000 feet long, with a maximum height of 112 feet would
1rnpound 36 300 acre- feet of flood control storage to control 8% inches
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of runoff from the tributary drainage area of 80 square miles. The
crest of the spillway would be at elevation 810 mean sea level, and the
top of the rolled earth dam at an elevation of 830, The reservoir area
includes woodland, farmland, and approximately 20 houses, One road,
Route 16, would require relocation and raising. The total cost of the
project is estimated to be $5.0 million, The benefit-cost ratio is about
0.7 to 1,0,

9. DIXFIELD DAM AND RESERVOIR

The dam site is in the towns of Mexico and Dixfield, Maine on the
Webb River approximately 1.3 miles above its mouth, The project,
considered for flood control alone, would require a rolled earth dam
approximately 3,080 feet long, 66 feet high with top at elevation 486,
above mean sea level; a concrete spillway with crest at el evation 456;
and gated outlet works, The reservoir at spillwéy crest would be about
6 miles long, have a surface area of 2,750 acres, and a gross storage
capacity of 55,500 acre-feet, equivalent to 8 inches of runoff from the
drainage area of 130 square miles. The reservoir area includes,
swampland, woodland, farm land, and 12 buildings including one
school house. Route 142 and two secondary roads would require re-
location, The inclusion of hydroelectric power to the project would
require a dam with top at elevation 530, crest of spillway at elevation
500, and reservoir storage of 55, 500 acre-feet for flood control pur-
poses and 151,500 acre~feet for power purposes. A gross head of 64
feet could be developed between a headwater elevation of 484, and a
tailwater elevation of 420. Generating facilities for 8, 000 kilowatts,
in a single unit, would be installed in the powerhouse located at the
foot of the dam., The plant would produce about 7, 2 million kilowatt-
hours annually at a capacity factor of about 10 percent., The total cost
of the multiple~-purpose project is estimated to be $11.1 million. The
benefit-cost ratio is about 0,5 to 1.0. For flood control alone, the
total estimated project cost is $3. 3 million and the benefit-cost ratio
is about 0.6 to 1.0,

10, TURNER DAM AND RESERVOIR

This project is also known as Buckfield Dam and Reservoir in the
1938 survey report and the New England-New York Inter-Agency
Committee report of 1955, The project was considered for flood con-
trol and hvdroelectric power for this report. The dam site would be
located on the Nezinscot River in the town of Turner, Maine, As a
flood control project, the rolled earth dam, approximately 1, 280 feet
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long including a concrete spillway 547 feet long, would have a maxi-
mum height of 58 feet and a top elevation of 360 feet above mean sea
level, The spillway with crest at elevation 340 and gated outlet works
would be located in the south abutment of the dam, The reservoir at
sP111way crest would extend up the Nezinscot River about 6. 4 miles,

up Martin Strearm 6.8 miles, and up Bog Brook 3, 2 miles, and would

have a surface area of 3, 360 acres., The reservoir would have a
flood control storage capacity of 49,400 acre-feet equivalent to 6
inches of runoff from the tributary drainage area of 155 square miles,
The reservoir area consists of swamp, woodland, and farm lands.
Routes 4 and 117 and three secondary roads require relocation and
raising. Nine buildings, two schools, and one cemetery are within
the reservoir area. The modifications required in the project to
provide hydroelectric power would include an increase in height of
the dam to elevation 370, and crest of spillway to elevation 350. The
reservoir would provide for flood control storage of 49,400 acre-feet,
equivalent to 6 inches of runoff from the tributary drainage of 155
square miles, and 34, 100 acre-feet of storage for power purposes.

A gross head of 34 feet could be developed between a headwater eleva-
tion of 336 and a tailwater elevation of 302, Generating facilities for
5,000 kilowatts would be installed in the power house located at the
downstream toe of the dam., The plant would produce about 4.7
million kilowatt~hours annually'at a capacity factor of about 10 percent,
The total cost of the multiple-purpose project is estimated to be $7. 3
million, and the benefit-cost ratio is 0.5 to 1. For flood control alone,
the total estimated project cost is $3. 56 m11110n a.nd the benefit-cost
ratio is 0.4 to 1. :

I-9



PART II - LOCAL PROTECTION PROJECTS

11, INTRODUCTION

The following paragraphs present brief descriptions of lecal protec?

protection sites investigated but not récommended at this time since
studies indicate that flood damages preventable by the construction of
the projects are insufficien to justify the projects. Protection at Gor-

ham, New Hampshire and Norway and Mexico, Maine was also previous-

ly investigated under Section 205 of Public Law 87-874 and found not
economically feasible. Pertinent data regarding local protection pro-
jects studied but not recommended is summarized in Table 1-2 at the
end of this appendix,

12. BERLIN, NEW HAMPSHIRE

The Dead River, a small tributary flowing through the city of
Berlin, has caused considerable damage in past floods. Losses of
$50, 000 were sustained by business properties in the flood of March
1936, Since the river is confined to a conduit constructed under build-
ings in the city, protection by means of dams and reservoirs above the
community on the Dead River and Jericho Brook was considered to be
the most feasible solution to the flood problem. However, the cost of
such work is not justified at this time,

13, GORHAM, NEW HAMPSHIRE

This community, vulnerable to floods from the Androscoggin,
Moose and Peabody Rivers, suffered losses of $39, 000 in the flood
of March 1936. Gorham is located along the right bank of the Andros-
coggin River and is bordered by Moose Brook and the Moose River on
the upstream end and the Peabody River on the downstream end of the
community, Two flood-prone areas were studied for protection; one
located between Moose Brook and the Moose River and the other be-
tween the Moose and Peabody Rivers, The former area could be
protected by the construction of 2, 600 feet of earth dike and pumping
facilities, and the latter area by 9, 500 feet of earth dike, a pressure
conduit, and pumping facilities. A plan to divert Moose Brook and
Moose River to the Androscoggin River upstream from Gorham was
found to be more costly than protection by earth dikes. At this time,
local protection works are not economically feasible at these
locations.
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14, RUMFORD, MAINE

' The community of Rumford suffered flood losses of $894, 000 in March
1936, ‘The area investigated for local protection works is located be-
tween the Oxford Paper Company plant and Androscoggin River and would
consist of pumping facilities, and 1, 450 lineal feet of concrete flood wall
constructed at the downstream end of an existing earth dike, At the
present time, Federal participation in'this work is not warranted. An
alternative method of providing local protection work was to divert the
floodwaters from above the community into a new channel and/or tunnel
to the Androscoggin River below Rumford. This method of providing
flood protection was also found to be not economically justified at this
time, Consideration was given to removing Wheeler Island, just up-
stream of Logan Brook, which is reported to be the cause of ice jams
backing up all the way to Rumford Center. This was likewise found to
be economically infeasible,

15. MEXICO, MAINE

The community of Mexico is located on the left bank of the Swift
and Androscoggin Rivers. The flood losses in the community amounted
to $442, 000 in March 1936, with the losses sustained mostly by resi-
dential and commercial properties. Local protection could be provided
by the construction of 2,400 feet of earth dike, 350 feet of concrete flood
wall, and pumping facilities, but the cost of such work is not economically
justified at this time,

16, WAYNE, MAINE

Nearly every spring, the high water on the Androscoggin River
backs up the Dead River into Androscoggin Lake, raising the level of
the lake 12 to 15 feet. During the record flood of March 1936, the sur-
face rose about 25 feet, flooding residential and commercial properties
in Leeds Center and Wayne, and many summer homes on the shore of
the lake. The flood damages amounted to approximately $40, 000, A
dam with flap gates was constructed near the mouth of the Dead River
in 1933 to prevent high water on the Androscoggin River from flowing
into Androscoggin Liake, but the dam was of insufficient height, and
high flows (10 feet or more above low water) overtop the structure.
Protection against flooding of properties in this region could be
provided by constructing a new and higher dam on the Dead River, but
costs of such works are not economically justified at this time. Since
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the storage of flood waters afforded by the lake has a marked influence
on downstream flood heights, an equal amount of storage at some other
location is required if a new structure for flood control is constructed.

17. LEWISTON, MAINE

Damage by floods in Lewiston amounted to $367, 500 in March 1936,
Local protection was investigated and studied for three flood-prone
areas, one immediately upstream of the Maine Central Bridge, the
second from the Union Water Power Company Dam to.the Grand Trunk
Railroad Bridge, and the third from and including the canal at the end
of Chestnut Street to about 500 feet downstream of Gully Brook., Pro-
tection against flooding could be provided by the construction of 1, 830
feet of earth dike and 150. feet of concrete floodwall in the upper area,
1,170 feet of concrete floodwall and 1, 240 feet of earth dike for the
middle area, and 2, 850 feet of concrete floodwall and 1, 310 feet of
earth dike for the lower area. Pumping and drainage facilities would
be required for each area. Studies on these areas indicated that the
construction of local protection works for a single area or any com-
bination thereof is not economically feasible at this time,.

18. AUBURN, MAINE

The flood damage in this city amounted to $540, 500 in March
1936. The major portion of the damage was sustained by industrial
and commercial establishments located along the Androscoggin River,
Protection against flooding was studied for two flood-prone areas.
Flood protection for one area, extending downstream from the Maine
Central Railroad Bridge to about 1,100 feet below North Bridge near
the river end of Drummond Street, could be provided by the construc-
tion of 1, 330 feet of concrete floodwall, 380 feet of earth dike, a
pressure conduit, two pumping stations, and appurtenant drainage
facilities. Flood protection for the second area, just downstream
from the Little Androscoggin River, could be provided by construc-
tion of 1, 600 feet of concrete floodwall, 490 feet of earth dike, a
pumping station, and appurtenant drainage facilities. However, the
costs of such works were found to exceed the benefits,

19, LISBON FALILS, MAINE
The mill builﬂings of the Worumbo Division of J.P. Stevens é.nd

Company, Incorporated, and the U.S. Gypsum Company in the
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community of Lisbon Falls have been badly damaged by past floods on
the Androscoggin River. Losses of $800,000 were experienced in the
flood of March 1936, Flood protection could be provided by the con-
struction of floodwalls, pumping stations, dikes, canal control struc-
tures, and removal of an existing dam, but such works are not justi-
fied at this time,

20, TOPSHAM, MAINE

Consideration was given to the possibility of providing local protec-
tion works along the low left bank of the Androscoggin River above the
lower highway bridge in the community of Topsham. The flood-prone area
ig occupied by the mill buildings of the Pejepscot Paper Division of the
Hearst Publishing Company, Incorporated. The losses experienced in
the flood of March 1936 amounted to $291, 000, Protection could be pro-
vided by floodwalls, dikes, canal control structure, and pumping
facilities. This work is not economically feasible at this time,

21, BRUNSWICK, MAINE

The community of Brunswick is located at the head of tidewater
in the Androscoggin River. During the floed of March 1936 the com-
munity sustained losses of $435,000, The magnitude of these losses
was principally due to high water elevations caused by ice jams which
formed at ledge outcrop constrictions in the river channel, Although a
reduction in flood damage is not economically feasgible at this time, these
losses could be reduced by the removal of ledge outcrops in and im-
mediately below the commmunity in the area known as the '""Narrows',
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TABLE Jui
RESERVOIRS STUDIED BUT NOT RECCMMENDED

PERTINENT DAM AND RESERVOIR DATA

Dratnage Storage-acre-feet Gross Installed Avg. Annual Project Annual

Area Flood Power & Head Capacity Generation Cost " Costs Benefits B/C
Reservoir Purpose (sq. mi.} Control Recreation (Ft.} (k) (rmillion kwh) {$1,000) ($1,000) ($1,000) Ratio
Dead R., N.H. F.C. 15 6,400 - - - - 35500 132 26 0.2
Moose R, ~ F.C. 20 8,500 - - - - 1,800 73 Lo 0.6
Moose R, F.C. & Power 20 8,500 2,900 72 1,500 1.3 3,600 150 106 0.7
Peabody R, F.Ce 43 18,500 - - - - 4,700 173 81 0.5
Peabody R. F.C. & Power 43 18,500 16,500 138 6,000 5al 12,200 458 280 0.6
Wild R. F.C. ) 15,700 - - - - 3,200 128 77 0.6
Wild R. F.C. & Power 49 15,700 13,400 113 6,000 5.0 8,200 318 274 0.9
Eilis R. F.C. 164 70,000 - - - - 6,300 245" 203 0.8
Ellis R. F.C. & Rec. 164 70,000 40,000 - - - -7,300 280 222 0.8
Ellis R. F.C. & Power & 164 70,000 43,000 28 5,000 4,0 19,300 0 330 0.8

Rec.
Hale, Swift R. F.C, 111 47,400 - - - - 8,700 313 183 0.6
Hale, Swift R. F.C. & Power & 111 47,400 284,600 250 33,750 31.0 31,100 1,193 912 0.8
Rec.

Rumford F.C, 988 237,000 - - - - 20,700 780 520 0.7
Rumford F.C. & Power 488 316,000 344,000 LTS 56,250 74,0 57,500 2,280 1,85 0.8
Roxbury, Swift R, F.C. 80 36,300 - - - - 5,000 187 133 0.7
Dixfield, Webb R, F.C. : 130 55,500 - - - - 3,300 130 77 0.6
Dixfield, Webb R, F.C. & Power 230 55,500 151,500 &4 8,000 7.2 11,200 430 229 0.5
Tarner, Nezinscot F.C. 155 R - - - - 3,560 142 57 0.l
Tufner, Fezinscot F.C. & Power 155 49,400 34,100 % 5,000 4,7, 7,300 285 153 0.5
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Town or

City

Berlin
Gorham, Dikes
Gorham, Diversion
Rumford, Dikes

Aumford, Tunnel
Diversion

Mexico
Wayne

Lewiston

Auburn, above Little

Androscoggin

Auburn, below Little

Androscoggin
Lisbon Falls
Topsham

Brunswick

State
New Hampshire
New Eampshire
New Hampshire
Maine

Maine

Maine
Maine
Maine

Maine

Maine

Maine
Maine

Maine

River
Dead
Androscoggin
Androscoggin
Androscoggin

Androscoggin

Swift and Androscoggin

Dead
Androscoggin

Androscoggin

Androscoggin

Androscoggin
Androscoggin

Androscoggin

TABLE I[-2
LOCAL PROTECTION PROJECTS STUDIED BUT NOT RECOMMENDED

PERTINENT DATA
(1984 Trice Level)

Approx. Approx. Approx. Approx.
Total First Annual Annual Benefit-
Costs Charges Benefits Cost Ratio
$ 1,000,000 - $ .100,000 * -
1,100,000 44,000 3,000 0.1
1,500,000 60,000 - -
500,000 - 334,000 * -
11,000,000 - 1,900,000 * -
690,000 27,000 13,500 0.5
300,000 - 276,000 * -
2,100,000 8,000 24,000 0.3
1,100,000 Ly 000 8,000 0.2
800, 000 32,000 3,000 0.1
1,100,000 ho,000 16,000 0.4
1,800,000 70,000 50,000 0.7
1,700,000 - 700,000 * -

* Total damages from a recurrence of 1936 flood.



